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PROVEN ANSWER 


TO TOUGH SEPARATION 
PROBLEMS 


Beckman /Spinco oS 
Curtain Electrophoresis 


Results from research laboratories prove you can 
make even the most difficult separations with 


the Continuous-Flow Model CP. 


More than 200 CP instruments are now being 

used for such varied and significant 

separations as 
unknown antibiotics from a mixture; 
electrophoretically pure globulins; radioactive 
cystine; enzymes in connection with heart 
and cancer research; tryptic digests of 
papain; purification of catalase and various 
plant materials; amino acids; mucosal 
proteins; further fractionation of alpha-2 
globulins; proteins of vitreous humor; 
serum proteins; hydrolysates. 


These are. actual—not theoretical—applications 
from the laboratories of CP users. 


With Spinco’s experience in continuous flow 
curtain electrophoresis, you would expect 
something new. And there is. Not a new CP, 
but one with major. design modifications 
which makes it a far more serviceable, : 
versatile instrument. 


If you face the problem of preparing pure fractions 
» ,in volume, investigate the improved CP now. 
Please write to Spinco Division, 

Beckman Instruments, Inc., Stanford Industrial 
Park, Palo Alto, California. Ask for folder CP 5. 


Beckman: 
Spinco. Division 


Beckman Instruments, Inc. 
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OF A GUIDED MISSILE 


This is a missile-borne transmitter. It is the “‘voice”’ 
of a missile in flight . . . part of a new radio-inertial 
guidance system developed by Bell Telephone Labo- 
ratories for the Ballistic Missile Division of the 
Air Force. 


This versatile system helped deliver the nose cone 
of a Thor-Able test missile precisely to its South 
Atlantic target area—5000 miles from Cape Canav- 
eral, Florida. So accurately was the nose cone placed 
that a waiting group of ships and planes retrieved it 
in a matter of hours. It was the first nose cone ever 
to be recovered after so long a flight. 


The command guidance system which made such 
accuracy possible combines precision tracking radar 
with a special Remington Rand Univae computer. 
Fed a steady stream of signals from the missile- 
borne transmitter, the ground-based equipment com- 
pares the missile’s flight path with the preselected 
path. Corrective steering orders are computed and 
transmitted automatically to the missile. The ground 


Edwin Felch, project director in charge of developing the 
Titan guidance system, holds the “voice” of the ICBM. 


station monitors the progress of the flight continu- 
ously and obtains immediate evaluation of mission 
success. And since the principal control equipment is 
kept on the ground, expendable hardware in the 
missile itself is minimized. 


This radio-inertial guidance system is a product 
of the Bell Laboratories-Western Electric develop- 
ment-production team. It is in production at Western 
Electric for the first operational squadrons of the 
Titan intercontinental ballistic missile. 


Bell Labs scientists and engineers developed the 
world’s most versatile telephone network and much 
of our nation’s radar. They have constantly pio- 
neered in missile systems. From their storehouse of 
knowledge and experience comes this new achieve- 
ment in missile guidance. 


BELL TELEPHONE LABORATORIES 


World center of communications research 


~ and development 
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GET YOUR ADVANCE COPY 


of the General Program of the 
AAAS Chicago Meeting 


by first class mail — early in December 


The General Program of the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959, will be 
available to you within the first week in December—whether you can attend the Meeting or not. 
Effective this year, the former General Program-Directory, which had become an unwieldy 
book of more than 400 pages, has been separated into two publications, namely: 
a) The Directory of AAAS Officers and Activities, 96 pp., already published; and 
b)The General Program of the Annual Meeting, c. 200 pp., which will appear early in 
December. 
Both of these, sold at cost, may be purchased separately—in advance (see coupon below), or at the 
meeting. Some of their respective contents are: 


The General Program The Directory 


1. The two-session general symposium, “Moving Frontiers of 1. AAAS officers, staff, committees for 1959. 
Science IV,” arranged by the Committee on AAAS Meetings. 


2. Programs of the 18 AAAS sections (symposia and con- 2. Section committees and other AAAS Council members. 
tributed papers). ae Le 3. The 285 affiliated organizations. 

3. Programs of the more than 70 participating societies. ee pie Te 

4. Sessions of the Conference on Scientific Communication, 4. Historical sketch and organization of the Association. 
— on Scientific Manpower, and the Academy 5. Complete roll of AAAS presidents and their fields. 

5. The Special Sessions: AAAS Address and Reception, Na- 6. Publications of the Association, including all symposium 
tional Geographic Society, Phi Beta Kappa, Sigma Xi, volumes. 
RESA, Tau Beta Pi Association. , ‘ , 

6. Details of the Morrison Hotel—center of the Meeting—and 7, AAAS Awards—including all past winners. 
of the other session sites. 8. Future Meetings of the AAAS through 1963. 

7. Titles of the latest foreign and domestic scientific films to be Sit 
shown in the AAAS Science Theat. 9. New and current activities of the AAAS. 

8. Exhibitors in the 1959 Annual Exposition of Science and 10. Constitution and Bylaws, 


Industry and descriptions of their exhibits. 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival; 2) You re- 
ceive the General Program in ample time to decide, unhurriedly, which events and sessions you particularly wish to attend; 
3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program; the Directory may also be ordered. 
—THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM— 
(AND FOR THE DIRECTORY, IF ALSO DESIRED) 


la. O Enclosed is $3.00 for my advance Registration Fee which brings me the General Program, Convention Badge, and all 
» privileges of the Meeting. 


1b. Enclosed is $2.00 for only the General Program. (It is understood that, if I should attend the Meeting later, the Badge— 
necessary for the privileges of the Meeting—will be secured for $1.00 more.) 
(Check 1a or 1b) 


1c. DO Enclosed is $1.00 for the Directory of AAAS Officers and Activities to be sent now. 


Total amount enclosed $ 


Sesh Saha AO RENN S D515. 6 555 6 SyaeiWhairacandha ible 0,5 6 brew WS wre 'e-w 0 6/4 /ere 0 ele taUBRaUan esol su Sm lecoreie -aer6 Ws OTRRSMMRREOS CaCO 
(Please print or typewrite) (Last) (First) (Initial) 
3. ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 
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ee 
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sors ka ada he als Ss an ots ns eh aes et na See 
Please mail this Coupon and your check or money order for the total amount to the 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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CARL 
| ZEISS | 


Revolver 
Micro 
Projector 








Made in West Germany 


Makes it easy to show micro slides 
Instantly changes from low 
to high magnification 


In using microscopic slides for discussions at staff meetings or in the classroom, micro 
projection apparatus fills an important need. 

However, micro projectors thus far available required complicated handling and 
were therefore unsuited for general use. 

With the new Carl Zeiss Revolver Micro Projection Apparatus, former difficulties 
are completely eliminated. Six objectives, coupled mechanically to suitable condensers, 
together with special projection eyepieces, instantly project an image on the screen 
from low (macro) up to high magnifications. All objectives are parfocal and the 
matched condensers provide illumination by the Koehler Principle. Best resolution and 
‘greatest brightness of images are thereby assured. 


Special projection eyepieces guarantee favorable fields of view, even at long pro- 
jection distances. A fully automatic carbon arc lamp eliminates frequent manual 
adjustment, so that even untrained operators can easily handle this projection 
apparatus. 

The Revolver Micro Projection Apparatus can be quickly converted into a lantern 
slide projector for 2 x 2-in. slides by merely swinging a reflecting mirror, a condenser 
and a projection lens into the path of the rays. 


Write for free detailed literature 






COMPLETE 


GAL LEMS DS, INV EZ. SERVICE FACILITIES 


485 FIFTH AVENUE, NEW YORK 17, N. Y. 
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APPLICATION FOR HOTEL RESERVATIONS 
126th AAAS MEETING 
Chicago, 26-31 December 1959 


The four hotels for the AAAS Chicago meeting have established special low rates and have reserved large blocks 
of rooms at each level within the price ranges quoted. Thus everyone making room reservations for the AAAS meeting 
is assured substantial savings. Further, all confirmations will state the room rate assigned. 





The list of hotels and their rates and the reservation coupon below are for your convenience in making your hotel Cc 
reservation in Chicago. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau in 
Chicago and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments promptly; a 
confirmation will be sent you in two weeks or less. 

If desired, the hotels will add a cot at $3.00 per night—except that all children under 12 are free. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give a definite 
date and estimated hour of arrival, and also probable date of departure. 




















hirst IN 

reation | 

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE prall ty 

For a list of the headquarters of each participating society and section, see page 228, Science, 24 July. hast IN| 

Rates for Rooms with Bath andards 

kceptani 

Hotel Single Double Bed Twin Bed Suite Lye and 
Morrison $6.50— 9.00 $9.00—13.00 $11.00—15.00 $30.00 and up RST IN. 
Hamilton 6.50— 9.50 9.00—13.00 11.00—15.00 25.00 and up hanufact 

La Salle 8.00-—10.00 10.50—13.00 12.50—15.50 35.50 and up puarante 
Sherman 7.45-12.45 11.45-16.45 14.45-19.50 28.50 and up IRST UN | 
nckagin 

ther mo 

--—----------- THIS IS YOUR HOUSING RESERVATION COUPON —-—----------) PY. 
AAAS Housing Bureau _ 


Suite 900 Date ‘of Application. << sc66cs sates Rina buns Gane en een RST IN 
134 North La Salle Street provec 
Chicago 2, Ill. ing Fal 
Please reserve the following accommodations for the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959: st ECO 


TYPE OF ACCOMMODATION DESIRED 


RST IND 
Bele WNGOM 6 66sec ie vee WWeNTed Rate. 6.6.56. < dss Maximum Rate ...06:0ssc0008 are is 
Double-Bedded Room ........ RDESINEC ERBEE 0. 55's 4:0,6' 958.550, Maximum Rate: s.6.5.5 sos ew ans Number in party ......eseeees liable ¢ 
Twin-Bedded Room .......... BORSIECRE TROBE | 0's .c'n eis ho aisiene Maximum Wate 6. ecceaskcs — q 
ERG civic sswiaannirenieaees EPCRA GRROE 5 ses .0:0'050 9 b0ie PAGXIMUM WAC oo oss sehen ine Sharing this room will be: uiture 





(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) livere 








Paret Choice Hotel... .<..6ccca rests ws Second Choice Hotel .. 2... 1... ccc ceca Third Choice Hotel ........escccceces G 





ROPES OF ARRIVALS is io:0:66 sic'5is' 54 b0, sin ben vie Wes Seta we’ 0 sie eb DEPARTURE DATES o36.6:s.0:5 s0 cic: s-deinreleias visieiewilers es cee 


(These must be indicated—add approximate hour, a.m. or p.m.) 


COO eer ee eee ee Eee Dee HED ESCH EEE EH Sere EEO Ee SED EEEE EEOC ECE SEO E TEER E OEE EES EEO SENSE EE EE OLEE EEO EEF AARWARE CAT 


Al 





ADDRESS 


CR RR eH wee eee EH EEE HEHEHE EEE HEHEHE HEHE HEHEHE HEHEHE EEE HEHEHE HEHEHE HEHEHE HEHEHE HEE HEHEHE SESH HEHE SHE HEHEHE HHEHEE 


(City and Zone) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
758 SCIENCE, VOL. 130 


first and 





in 
Disposable 
Plastic 
Labware 


IRST IN DEVELOPMENT: Falcon has pioneered in the 


teation of disposable plastic containers and equipment 
or all types of laboratory procedure. 


IRST IN EXCELLENCE: Falcon labware is made to precise 
andards ... uniform... dependable... with preferred 


eceptance by most research laboratories, hospitals, col- 
ke and other institutions. 





RST IN STERILITY: Falcon has perfected methods of 
nanufacture, handling, packaging and distribution that 
uarantee sterility of every item to the instant of use. 


RST IN PACKAGING: Falcon has designed double-seal 

uckaging for Petri dishes, strip packs for tubes and 

ther modern dep methods that insure sterility .. 
..and make storage more convenient “al 


IRST IN ECONOMY: Falcon has reduced prices through 
iproved methods of manufacture to the point where 


ing Falcon disposable single-use labware is by far the 
fhost economical procedure. 


ORST IN AVAILABILITY: Falcon disposable plastic lab- 
fare is immediately available in quantity through 
tliable dealers everywhere. 


ilcon quality products include all types of Petri Dishes, 
Vulture Tubes, single and double Swubes and other 
pbware for specific procedures. 


write topay for big new Catalog F, 
describing, illustrating and pricing 
these and many other Falcon prod- 
ucts. Includes chart of properties of 
thermoplastics. No obligation, of 
course. 


canoe ee 


fsa om Z 


| (auwant CATALOG F 


— 


COMPANY 
Division of Becton, Dickinson and Company 


116 W. Washington Boulevard Culver City, California 

















Sir Michael Foster...on the heritage of science 


“For indeed it is one of the lessons of the history of 
science that each age steps on the shoulders of the 
ages which have gone before. The value of each 
age is not its own, but is in part, in large part, a 


debt to its forerunners. And this age of ours if, like 
its predecessors, it can boast of something of which 
it is proud, would, could it read the future, doubt- 
less find also much of which it would be ashamed.” 

— History of Physiology, 1901 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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Eart J. Scueraco, Advertising Representative 


SCIENCE, which is now combined with THE 
SCIENTIFIC MONTHLY, is published each Fri- 
day by the American Association for the Advance- 
ment of Science at Business Press, Lancaster, Pa. 
The joint journal is published in the SCIENCE 
format. Entered at the Lancaster, Pa., Post Office 
as second class matter under the Act of 3 March 
1879. SCIENCE is indexed in the Reader’s Guide 
to Periodical Literature. 


Editorial and personnel-placement correspond- 
ence should be addressed to SCIENCE, 1515 
Massachusetts Ave., NW, Washington 5, D.C. 
Manuscripts should be typed with double spacing 
and submitted in duplicate. The AAAS assumes no 
responsibility for the safety of manuscripts or for 
the opinions expressed by contributors. For de- 
tailed suggestions on the preparation of manu- 
scripts, book reviews, and illustrations, see Science 
125, 16 (4 Jan. 1957). 

Display-advertising correspondence should be 
addressed to SCIENCE, Room 740, 11 West 42 
St., New York 36, N.Y. 

Change of address notification should be sent to 
1515 Massachusetts Ave., NW, Washington 5, D.C., 
4 weeks in advance. If possible, furnish an address 
stencil label from a recent issue. Be sure to give 
both old and new addresses, including zone num- 
bers, if any. 

Annual subscriptions: $8.50, foreign postage, 
$1.50; Canadian postage, 75¢. Single copies, 35¢. 
Cable address: Advancesci, Washington. 





The Oceanographic Congress 


A highly satisfactory chapter in the history of the AAAS came to an end 
on 11 September with the conclusion of the First International Oceano- 
graphic Congress. Over 1100 biologists, chemists, geologists, geophysicists, 
and other scientists spent two weeks in lively discussion of oceanographic 
research problems. Participants came from 54 different countries, with 
Canada, France, Japan, the U.S.S.R., the U.K., and the U.S. sending the 
largest delegations. 

The program was organized around five topics: history of the oceans, 
populations of the sea, the deep sea, boundaries of the sea, and cycles of 
organic and inorganic substances in the sea. General sessions in the morn- 
ings and concurrent seminars in the afternoons were held in the excellent 
facilities of United Nations headquarters, which provided lecture and con- 
ference rooms, simultaneous interpretation, and an atmosphere of interna- 
tional cooperation that were ideal for such a meeting. In between sessions 
there were the usual opportunities for informal discussion, and the unusual 
opportunity to visit seven oceanographic research vessels from France, the 
Soviet Union, and the United States that were tied up at New York piers. 

Planning for the meeting was prompted by the still evident stimulation 
to arid lands research given by the international conference on that topic 
that the AAAS and UNESCO held in New Mexico in 1955. Initial plans 
called for a somewhat similar meeting on oceanographic research, but cor- 
respondence with oceanographers from various parts of the world convinced 
the committee on arrangements that a full-scale international congress was 
desirable. 

September of 1959 was a good time for such a meeting, for in the many 
months since plans began to be formulated, a wealth of International Geo- 
physical Year information became available, the National Academy of 
Sciences brought out its comprehensive report on the necessity for a great 
expansion of oceanographic research, and plans for the spectacular effort 
to drill through the earth’s crust to the Mohorovi¢ié discontinuity began to 
take realistic shape. The fact that much of the earth’s history is recorded 
in the layers at the bottom of the sea, the sheer size of the oceans, their fan- 
tastically varied fauna and flora, and their rapidly growing commercial and 
strategic importance all provide a rich variety of topics for report, discus- 
sion, and speculation. 

The holding of international meetings is not a usual activity for the 
AAAS, nor can it be, but one of the functions of the Association is to facili- 
tate cooperation among scientists. The congress did that. There is no organi- 
zation that covers all fields of oceanographic interest, and never before has 
there been a meeting such as the one just concluded. The Board of Directors 
decided that the AAAS could contribute to the advancement of science by 
inviting representatives of all scientific disciplines interested in the oceans 
to get together to talk over their research problems. UNESCO and the 
Special Committee on Oceanic Research of the International Council of 
Scientific Unions agreed, and cosponsored the congress. Private founda- 
tions, federal~agencies, and industry also agreed, and provided financial 
support. Mary Sears and her fellow members of the committee on arrange- 
ments have already been voted the enthusiastic thanks of the participants. 
They deserve also the thanks of the AAAS, for the congress they arranged 
was a successful contribution to the advancement of science.—D.W. 
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CONTINUOUSLY 
VARIABLE POWER 


Here’s a completely new optical concept to speed 
and simplify work requiring 3D views. Just turn 
the magnification knob and watch the crisp stereo 
image zoom to the exact size you need. Not just 
a few fixed powers, but avy power within the wide 
stereo range. The newest step forward to faster, 
easier 3D work . . . exclusive with Bausch & Lomb. 


Featuring Exclusive POWER POD Design Concept 


e Sealed to prevent dust and foreign matter 
from entering optical system! 
No nosepiece! 


No individual objectives . . . 
no objectives to change! 

No image jump! 

e No image blackout! 


Featuring NEW LOW PRICE Pa 
Riieetes @ Lonn eeeies ae. ... about one-third lower than previous line! 


75945 St. Paul Street, Rochester 2, N. Y. ! 
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3 SEP 


CURRENT PROBLEMS IN RESEARCH 





One of the fundamental contributions 
of bacteriology to the understanding of 
disease is the concept that a symptom or 
specific pathological condition may have 
its origin in the activity of a single com- 
pound elaborated by a pathogenic agent. 
Historically this principle has been best 
exemplified by the exotoxins produced 
by certain bacteria. Among these exo- 
toxins are the neurotoxins produced in 
vitro by Clostridium botulinum under 
suitable environmental conditions of nu- 
trition, anaerobiosis, and temperature. 
The botulinal toxins have also been ob- 
jects of curiosity because they are the 


} Most potent poisons known. It is my 


purpose to outline some of our knowl- 


j edge of the nature of the botulinal tox- 
ins and to record questions of interest 


that remain to be answered. 
Clostridium botulinum is a spore- 
forming, strictly anaerobic, rod-shaped 
bacterial species. Under as yet poorly 
understood conditions of growth it pro- 
duces intracellularly a neurotoxin which 
is released into the growth medium after 
the major increase in the bacterial cul- 
ture’s population has been achieved. 
What role, if any, the toxin plays in the 
economy of the parent bacterium is a 
complete mystery. The organism is gen- 
erally unable to grow within the body 
of the warm-blooded animal; hence, 
from a medical and veterinary stand- 





The author is scientific director of the Naval 
Biological Laboratory at the School of Public 
Health, University of California, Berkeley. 
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The Most Poisonous Poison 


What do we know about the toxin of botulism? 
What are the problems to be solved? 


Carl Lamanna 


point, botulism is a matter of food poi- 
soning. Botulism is a toxemia not in- 
volving an infectious process. Only three 
exceptional clinical cases of probably au- 
thentic wound infections by botulism or- 
ganisms have been reported in man (/). 

Different strains of C. botulinum pro- 
duce antigenically distinguishable neuro- 
toxins which have been labeled A, B, C, 
D, and E. The existence of other types 
or subtypes has not been clearly estab- 
lished. Antitoxin is capable solely of neu- 
tralizing the antigenic toxin or toxoid em- 
ployed for its production, cross-neutrali- 
zation among the types being unknown. 
One strain of organism produces exclu- 
sively one of the antigenic types of 
toxin. Mutation in production from one 
to another type of toxin has never been 
found, despite the mutability observed 
with respect to the quantity of a toxin 
produced under fixed conditions of bac- 
terial growth and the mutability of many 
other characters of C. botulinum. 

In man, food poisonings by toxin types 
A, B, and E have been detected fre- 
quently. Only two reported outbreaks of 
poisoning with type C and one with type 
D toxins in man are known to us. Poi- 
soning by type E has resulted from con- 
sumption of improperly preserved fish 
foods. Type D is the cause of lamziekte, 
a toxemia of grazing animals on the 
South African veldt, and type C has 
been described most often as causing 
epizootic outbreaks of botulism in wild 
birds, such as ducks, that feed on the 
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alkali lakes of western North America. 
The disparities in the frequencies of oc- 
currence of particular toxin types as 
causes of natural food poisoning in dif- 
ferent animal species are not necessarily 
due solely to a lack of susceptibility in 
particular vertebrates to the types of 
toxin. Rather, these disparities could be 
due to differences in geographic distri- 
bution of the botulinal types and to dif- 
ferences in feeding habits of various ani- 
mal species. 

Type E bacilli are probably marine 
organisms (2). The other types are soil 
organisms common to virgin soils. By a 
virgin soil is meant one that has not been 
intensely cultivated or, if cultivated, has 
not been subjected to heavy fertilization 
with manures. The difference in habitat 
may be responsible for the reputedly 
greater sensitivity to heat of type E 
spores than of spores of the other types 

2). A direct relationship appears to ex- 
ist between resistance to heat and the 
temperature limits for growth of bac- 
teria (3). Marine species generally pos- 
sess lower temperature limits for growth 
and are among the least heat-resistant 
of the bacteria. 

Heavily manured and acid soils seem 
to favor the growth of species of Clos- 
tridium that are also found inhabiting 
the intestinal tract of animals, rather 
than growth of the botulism organism. 
We do not know why C. botulinum is 
unable to establish itself in the intestinal 
tract, as seems to be the case, whereas 
other clostridial species can do so. 


Chemical Nature of Botulinal Toxins 


Before 1945 little was known about the 
chemical nature of the botulinal toxins. 
While it was suspected that the toxins 
were proteins, reports existed which 
challenged this notion. Today, methods 
for purifying the toxins have been suffi- 
ciently advanced to make it certain that 
the toxins are simple globular proteins 
(4), a simple protein being defined as 
one composed exclusively of amino 
acids. 
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Fig. 1. Crystals of Clostridium botulinum type A toxin. (A) A direct light photomicro- 
graph; (B) a photomicrograph made by dark-field illumination. The size of crystal is 
dependent upon the rapidity with which the toxin is salted out from a supersaturated 
solution. The average dimensions were 85 wu (length) by 5 u (width) ; the largest crystal 
was 125 uw by 7 w. 


Only the type A toxin has been puri- 
fied to a stage where crystallization is pos- 
sible (Fig. 1). The crystalline type A toxin 
is a white, odorless protein of high mo- 
lecular weight and unknown taste. Now, 
in connection with successful purifica- 
tion of a protein one is always faced 
with the difficult problem of deciding 
whether one has actually succeeded in 
isolating a homogeneous, single, molecu- 
lar species. Some of the common cri- 
teria for molecular homogeneity are met 
by the type A crystalline material. Sepa- 
rately prepared batches show constancy 
of biological activity and amino acid 
composition. These are the same for 
amorphous and crystalline materials. 
Recrystallization does not result in 
increased toxic potency. The toxin mol- 
ecules all migrate in solution in an elec- 
trical field (electrophoresis) at the same 
rate—a phenomenon that one expects 
to find when the molecules each possess 
the same net electrical charge. During 
analytical ultracentrifugation a single 
sedimenting boundary appears at vari- 
ous fH values on the acid and alkaline 
side of the isoelectric point, pH 5.6. The 
isoelectric point is that pH below which 
a protein particle bears a net positive 
electrical charge and above which it 
bears a net negative charge. 

In spite of these indications of homo- 
geneity there do exist disturbing facts 
about the crystalline material. The 


phase-rule solubility test for homoge- 
neity cannot be met—that is, for fixed 
conditions of solution the saturation 
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value is not independent of the quantity 
of crystalline material exposed to sol- 
vent. During ultracentrifugation in the 
vicinity of the isoelectric region, though 
only a single sedimenting boundary ap- 
pears, the boundary spreads at a more 
rapid rate than can be accounted for 
solely by diffusion of a homogeneous 
substance (3). 

The behavior of crystalline toxin in 
the quantitative toxin-antitoxin precipi- 
tin reaction has been particularly instruc- 
tive (6). Upon removal of precipitates 
by centrifugation, the supernatant solu- 
tions from the equivalence zone of a 
series of mixtures of varying quantities 
of toxin with a fixed amount of antitoxin 
are found to be free of both toxin and 
antitoxin. Such a result is interpreted 
as indicating the existence of only a sin- 
gle antigen-antibody system. But in other 
respects the results of mixing toxin and 
antitoxin are atypical for a pure antigen, 

What is surprising is the fact that 
large discrepancies are found in the 
amounts of precipitate formed, particu- 
larly in the zone of antigen (toxin) ex- 
cess, when toxin and antitoxin are mixed 
at different temperatures (Fig. 2). In 
the usual situation, when equivalently 
reacting amounts of antigen and anti- 
body are mixed, the amount of precipi- 
tate formed will be the same over a 
wide temperature range and will include 
all of both reagents. Even more unex- 
pected is the finding that at low tem- 
peratures the quantity of botulinal toxin- 
antiserum precipitate formed is greater 








than the calculated sum of the amounts 
of toxin and antitoxin mixed together. 
Such a result forced consideration of the 
possibility that serum components other 
than antitoxin were being precipitated. 
Therefore, purified albumin and globu- 
lin fractions of normal sera were studied. 
and they were observed to form precipi- 
tates in the cold with toxin. In sum. 
crystalline or any highly concentrated 
or purified toxin preparation proved to 
have the unusual ability to form rela- 
tively insoluble compounds or complexes 
with different normal serum proteins. 
These serum proteins have no toxin neu- 
tralizing action and cannot be consid- 
ered to be of the nature of antibodies 
or antitoxin. 

Assisted by hope and led by intuition, 
I performed red-cell agglutination tests 
(hemagglutination) with purified toxin. 
To our distress and delight, hemagglu- 
tination was found to take place in the 
cold. It was distressful to find that botu- 
linal toxin had another property to worry 
us but delightful to find that the prop- 
erty was one that could be studied and 
measured by simple procedures. 


Botulinal Hemagglutinin 


It is now known that the various neu- 
rotoxin types of Clostridium botulinum 
produce hemagglutinating substances. 
The synthesis of hemagglutinin is coin- 
cident with toxin production, and in the 
purification procedures employed to 
date, hemagglutinin accompanies the 
toxin. Since the classification of types 
of C. botulinum is based on the specific 
serological neutralization of the neuro- 
toxin produced by these organisms, the 
occurrence of an accompanying hemag- 
glutinin during toxin production poses 
the question of the type specificity of 
these substances. The hemagglutinins 
produced by organisms of types A and 
B are reciprocally neutralized by com- 
mercially available specific A and B 
antitoxins. Hemagglutinins produced by 
types C and D are reciprocally neutral- 
ized by the specific antisera of these 
strains. Type E hemagglutinin is neu- 
tralized only by specific type E anti- 
serum. The hemagglutinin produced by 
type A bacilli has been intensively stud- 
ied, and the remarks that follow derive 
from these studies (7). 

The toxin and hemagglutinating ac- 
tivities of toxin preparations might be 
attributable either to the same molecule 
or to different molecules. A number of 
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ts facts indicate that they are attributable 
to different molecules. Important evi- 
* dence for the molecular individualities 
- of toxin and hemagglutinin is the fact 
ty that, in laboratory experiments, the 
= hemagglutinin is selectively adsorbed to 
d. red cells without concomitant uptake of 
3 toxicity from the adsorbed solution. To 
“i achieve this result, the correct condi- 
. tions of acidity, salt concentration, and 
iG temperature must be employed. The 
“a conditions of adsorption determine the 
Be degree to which toxin accompanies the 
* hemagglutinin in the latter’s attachment 
" to adsorbents. It is also observed that 
A: the diffusion coefficient of toxin becomes 
Be larger when hemagglutinin is removed 
by these methods (8). This, of course, 
m is direct proof that toxin freed of 
si hemagglutinin has a smaller molecular 
™ size. 
i In the botulinal culture the toxin does 
hs not exist free of hemagglutinin. The 
ic presently available methods for isolating 
ws and purifying the toxin were developed 
p- before the existence of the hemagglu- 
ii tinin was known, and they neither aim 
at nor inadvertently achieve the separa- 
tion of hemagglutinin from the toxin. It 
is obvious that crystalline type A toxin 
is a complex in which toxin and hemag- 
glutinin exist in an intimate association 
aif of unknown nature, and this accounts 
- for the fact that in its behavior in the 
= isoelectric region it simulates a single 
7 substance. 
~ The combination of hemagglutinin 
- with toxin is a reflection of the unex- 
lee pected capacity of hemagglutinin to 
es combine with or be adsorbed to a variety 
fr of chemically and biologically unrelated 
‘o- [] protein materials. Not only does the 
he hemagglutinin form complexes with 
1g- } serum globulin and albumin but it is 
ses | taken up by homogenates of many tis- 
of sues other than red blood corpuscles. 
ns In other words, the hemagglutinin has 
nd the remarkable ability to interact with 
tii diverse proteins to form compounds or 
B complexes of reduced solubility relative 
by to that of the reactants. The hemagglu- 
al- tinating property itself is a consequence 
- of the reaction of hemagglutinin with 
se protein structure at the surface of the 
ati- erythrocyte. This is demonstrated by the 
by fact that proteolytic enzymes and some 
14: protein denaturants destroy the capacity 
ive of red blood cells to take up the hemag- 
glutinin. The receptor sites for the 
ace hemagglutinin do not involve the car- 
be bohydrate-type material involved in in- 
ule fluenza virus hemagglutination. 
of Are the red cell sites that act as re- 
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ceptors for the type A-B hemagglutinins 
also involved in the types C-D and E 
hemagglutinations? At the present time 
all we can say is that erythrocytes satu- 
rated with type C hemagglutinin are 
incapable of sorbing type A hemagglu- 
tinin. Whether this is due to adsorption 
of the C hemagglutinin to the same re- 
ceptor sites that take up A hemagglu- 
tinin or simply to the crowding of type 
C hemagglutinin molecules on the sur- 
face of the red cell and the consequent 
lack of contact between A type hemag- 
glutinin with its specific receptors has 
not been investigated. 

The botulinal hemagglutination phe- 
nomenon has the characteristics of a re- 
versible adsorption reaction and does not 
detectable permanent 
changes in the surface of the red cell or 
in the hemagglutinin after repeated 
cycles of adsorption and elution of the 
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hemagglutinin (7). While some hemoly- 
sis may result, this appears to be no 
greater than that attributable to experi- 
mental manipulations in the absence of 
hemagglutinin. 

By working in an alkaline environ- 
ment at low ionic strength, it is possible 
to adsorb hemagglutinin to erythrocytes 
and to leave toxin in solution free of 
hemagglutinin. Employing this scheme, 
toxin solutions free of hemagglutinin 
and hemagglutinin solutions with greatly 
reduced (by more than 99 percent) toxic 
activity can be prepared. Unfortunately, 
the procedures for selective adsorption- 
elution employed to date have not re- 
sulted in the isolation of the quanti- 
ties of pure toxin desired. Losses of toxic 
activity result, and hence the toxic prod- 
ucts freed of hemagglutinin have not 
been crystallized and contain consider- 
able amounts of biologically inactive 
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Fig. 2. Quantitative precipitin reaction of crystalline type A botulinal toxin with antitoxic 
serum prepared in a rabbit. The arrows represent the limits of the equivalence zone— 
that is, mixtures of toxin and antitoxin in a ratio that should lead to complete precipita- 
tion of both the toxin and antitoxin. The broken line (Ob) represents the amount of 
precipitate that can form if only the toxin itself is precipitated. The other broken lines 
represent the total precipitate expected at the indicated temperatures if all of the toxin 
and antitoxin is precipitated. Since the actual amounts of precipitate are greater than 
amounts obtainable by precipitation of toxin-antitoxin alone, a component other than 
toxin or antitoxin must be precipitating. As explained in the text, this material proved 
to be both normal serum albumin and globulin, which can form insoluble products with 
the hemagglutinins associated with the toxin. [From C. Lamanna and B. W. Doak (6), 


courtesy of Williams and Wilkins Co.] 
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Fig. 3. Thermal inactivation curves for crystalline botulinum A toxin preparation: X, 
40°C; O, 50°C; @, 60°C. LDw indicates logarithm to base 10 of the extent to which a 
toxin solution must be diluted to give 50-percent mortality when goldfish are inoculated 
with 0.1 ml to assay toxicity. The ordinates represent differences between logarithms of 
these dilutions for materials heated zero length of time; the times are indicated on the 
abscissa. [From T. E. Cartwright and M. A. Lauffer (10), courtesy of Society for Ex- 


perimental Biology and Medicine.] 


proteins. Lack of homogeneity in the 
materials isolated by selective adsorp- 
tion-elution has been suggested by re- 
sults of exploratory runs in the analytical 
ultracentrifuge. It would be a great con- 
venience if a suitable nonprotein ad- 
sorbent could be discovered to replace 
the red particulate denatured 
chicken egg albumin, and other protein 
adsorbents employed to date. Nonpro- 
tein adsorbents tested have failed in one 


cells, 


or more of three ways: They do not 
adsorb efficiently; they denature toxin; 
and they do not permit quantitative 
elution. 


Size of Toxic Unit 


The promise offered by the successful 
crystallization of the type A toxin that 
the ultimate toxic particle might be iso- 
lated was followed by the disillusioning 
discovery that a separable hemagglutinin 
is present, and this disappointment has 
been followed by others. The crystalline 
toxin, with a molecular weight of 900,- 
000, appears to dissociate, when held in 
solution above pH 6.5, into particles of 
molecular weight in the range of 40,000 
to 100,000. It has been claimed that 
these dissociants are not consequences 
of chemical changes resulting from de- 
toxification at destructive pH values be- 
cause they retain toxic potency (9). 
These components of low molecular 
weight have been identified only in the 
course of ultracentrifugation experi- 
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ments and have not been isolated in suf- 
ficient quantities to permit thorough in- 
vestigations of their state of purity and 
of their biological properties. 

Detoxification by heating crystalline 
A toxin is not linear with respect to 
time (Fig. 3), and ultracentrifugation 
shows dissociation of heated toxin into 
two components (10). Since ‘similar 
detoxification results were obtained 
when toxin was heated both before and 
after removal of hemagglutinin, these 
observations cannot be explained by as- 
suming the simultaneous presence of 
toxin-hemagglutinin complex and free 
dissociated toxin. This is important to 
know, since hemagglutinin is less sensi- 
tive to heating than toxin. Toxin com- 
plexed with hemagglutinin might pos- 
sibly be more heat-resistant than toxin 
alone, and this might account for obser- 
vations of toxin with two differing sensi- 
tivities to heat. 

The question of the size of the ulti- 
mate toxin particle also raises the prob- 
lem of whether the chemical basis for 
toxicity is resident in the protein mol- 
ecule as a whole or in some portion 
(toxophoric group) of the molecule. 
Chemical analysis of crystalline toxin 
has revealed the presence of 19 typical 
amino acids and has yielded no insight 
into the nature of the molecular con- 
figuration responsible for toxicity (11). 
Alternatively, one might hope to deduce 
the presence and nature of a toxophore 
from the conditions and chemical re- 
agents causing detoxification. A variety 





of unrelated physical and chemical 
agents for protein denaturation cause 
detoxification (12). The splitting of hy- 
drogen bonds and reactions with free 
amino and carboxyl groups are among 
other reactions that probably cause de- 
toxification. 

If a specific toxophore exists within 
a molecule, it might be possible to reveal 
its presence during hydrolytic splitting 
of the toxic protein. Proteolysis might 
proceed as a multistep process during 
which pieces of the toxin molecule are 
split off prior to the release or destruc- 
tion of a specific toxic group. Though 
comprehensive studies of this possibility 
are needed, the existence of such a proc- 
ess must be doubted. The various chem- 
ical reagents and proteolytic enzymes 
that cause loss of toxicity attack different 
kinds of bonds characteristic of. simple 
proteins. Loss of toxicity by proteolysis 
proceeds without an apparent initial lag 
in time. The simplest view consistent 
with these known facts is that mainte- 
nance of the structural integrity of a 
protein molecule as a whole is required 
for toxicity. 

In summary, it is clear that final 
knowledge of the true size of the ulti- 
mate toxic unit remains to be obtained. 
While it is a useful working hypothesis 
to consider crystalline toxin to be pos- 
sibly an “assembly of toxic and inert 
subunits in association with one or more 
hemagglutinin units” (9), we have 
reason to guess that the toxic unit itself 
will prove to be of the dimensions of a 
protein. 


Toxic Potency 


Botulinal toxins are unquestionably 
the most potent poisons known; less than 
a 0.1 x 10° microgram causes the death 
of a mouse. Only tetanus and Shigella 
neurotoxins appear to possess potency of 
the same order. Other protein poisons, 
such as diphtheria toxin and animal 
venoms, are hundreds and tens of thou- 
sands of times less poisonous. Aconitine, 
one of the most poisonous nonprotein 
materials known, is far less toxic than 
the botulinal toxins (Table 1). The ex- 
traordinarily high toxicity recorded in 
Table 1 for the botulinal D toxin is of 
questionable validity, since it has been 
reported once only and has not been re- 
peated in independent investigations. 

The absolute measure of toxic potency 
is the number of molecules required to 
cause fatalities. While it has been esti- 
mated that 20 million molecules of crys- 
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talline type A toxin are required to kill 
a mouse, this figure was arrived at be- 
known that extraneous 
hemagglutinin existed in the crystals. 
Until the botulinal toxins can be sepa- 
rated from the associated hemagglutinin 
and purified to meet criteria of homo- 
geneity, and until the weights for the 
physiologically active molecules can be 
accurately determined, calculations of 
the number of molecules in a lethal dose 
will be speculative. 

It is of interest to know how different 
species compare quantitatively in their 
response to physiologically active sub- 
stances such as toxins. The favored con- 
vention for making such comparisons is 
to assume that the amount of toxin 
needed to kill increases with the body 
weight of an individual animal and to 
express lethal dose per kilogram of body 
weight or per kilogram of body weight 
per unit weight of poison. Experience 
casts serious doubts on the applicability 
of this convention to the botulinal tox- 
ins. The fact is that in the mouse, the 
only animal adequately studied, the po- 
tencies of botulinal toxins A, B, and C 
are independent of the weights of the 
individual animals, whether potency is 
measured in terms of the time it takes 
to kill or in terms of the percentage of 
animals killed by different concentra- 
tions of toxin (13). The same situation 
probably exists with respect to the lethal 
dose for rabbits. In the mouse, the range 
of body weights studied has included all 
of the physiological ages from weaning 
through sexual maturity and adulthood. 
Whether it is valid to generalize from 
this experience to include other animal 
species and other toxins is unknown. A 
surprising paucity of pertinent experi- 
mental data exists. It would appear that 
the existence of a relationship between 
body weight and physiological response 
to toxins has been accepted as a matter 
of faith, and few students have felt the 
call to study the question experimentally 
with adequate numbers of animals. 

In nature, there simply is no such 
thing as a mouse, rat, or guinea pig of 
1-kilogram body weight, so expressions 
of toxicity in terms of 1 kilogram of 
body weight are extrapolations from find- 
ings with actual animals. The conven- 
tional extrapolation is not valid for the 
botulinal toxins, since there is evidence 
that the assumption that with increases 
in body weight more toxin is required to 
yield a given result is untenable. As a 
matter of fact, in a comparison of find- 
ings for male mice weighing 6 to 10 
grams with those for male mice weigh- 


fore it was 
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ing 18 to 22 grams, the smaller animals 
proved somewhat more resistant to type 
B toxin. Such a finding indicates that 
scientifically valid expressions of toxicity 
for various animal species of various 
body weights are not easily arrived at. 
What, if any, proportionality exists be- 
tween body weight and toxic dose must 
be established empirically for each spe- 
cies and toxin considered. Then, if de- 
sirable, dosages can be expressed in units 
per kilogram of body weight, but only 
by extrapolation in accordance with ex- 
perimental findings for each species of 
animal and toxin. With botulinal toxins, 
extrapolation for a mouse weight of 1 
kilogram is best obtained by simply 
using the figure for toxicity recorded for 
the real mice used in titrations, with 
allowance made for any significant con- 
tribution made by the sex of the ani- 
mals. In resistance to botulism, the fe- 
male mouse (in line with male suspi- 
cions) sometimes proves to be the more 
hardy member of the species. 

That the qualitative estimates of the 
relative potency of botulinal toxin for 
different animal species vary in accord- 
ance with the method for making com- 
parisons is illustrated in Tables 2 and 3. 
Until future quantitative studies have 
been made to define a realistic basis of 
comparison, it is not possible to state 
with any degree of confidence what the 
relative sensitivities of different animal 
species to the botulinal toxins are. Nor 
do the available clinical data permit one 
to make a scientific judgment of the 
true minimum lethal doses for man. 
What evidence is at hand points to man 
as a very susceptible species. Recently 
it was calculated that ingestion of a dose 
only 3500 times larger than the dose 
lethal to mice was responsible for the 
death of a 104-kilogram man (14). This 
kind of information gives us a notion of 
the range within which a fatal dose for 
man falls, but it provides no clue as to 
what lesser quantity of toxin might prove 
to be fatal. 

Possibly the foregoing discussion jus- 
tifies my lack of enthusiasm for the task 
of compiling a list of reported lethal 
doses of botulinal toxin for susceptible 
animals. Moreover, to compile such a 
list might lead to a false impression of 
the conclusiveness of our knowledge of 
the relative and absolute difference in 
sensitivity to the different types of toxin 
among animal species. The unfortunate 
fact is that the data obtained by inde- 
pendent investigators often differ widely, 
and it is injudicious, scientifically speak- 
ing, to make choices between the con- 


Table 1. Toxicity with respect to the white 
mouse of the most purified preparations 
of the five types of botulinal toxins. 








Toxin Toxicity* 
type (LDx»/mg of N) 

A 2.4 x 10° 

B 2.6 x 10° 

Cc 4x 10° 

D 4x 10” 

E 7.7 x 10¢ 
Aconitine 3.5 x 10° 





* It is generally preferred to report toxicity per 
milligram of nitrogen, since analysis for protein 
nitrogen is practical and reliable. To convert to 
toxicity per gram of solid, multiply the figures in 
column 2 by 1000/6.25. Use of the number 6.25 
in the conversion factor is based on the assumption 
that the nitrogen content of the toxins is 16 per- 
cent. The factor for aconitine is 1000/46. Sources 
for the data on toxicity are as follows: for type A, 
various authors (4); for type B, Duff et al. (4); 
for type C, Gordon et al. (4); for type D, Wetzel 
et al. (4); for type E, Cardella et al. (4). 


flicting reports. Let us illustrate. Stev- 
enson et al. (15) have reported the 
guinea pig to be 6000 to 8000 times as 
sensitive as the white mouse to the type 
B toxin, a conclusion greatly at variance 
with the data given in Table 2. How- 
ever, these authors worked with rela- 
tively impure toxin derived from a dif- 
ferent strain of B type Clostridium 
botulinum than was employed for ob- 
taining the data recorded in Table 2. 
Nor is information available on possible 
differences in the genetic backgrounds 
of the strains of guinea pigs and mice 
studied. These variables might explain 
the differences in results, but no in- 
quiries have been made to establish this 
as a true explanation. 

No doubt the lack of dependence of 
lethal dose on body weight arises from 


Table 2. Toxicity of type B toxin for the 
mouse and guinea pig. If in fact the dose 
of toxin required to kill is independent of 
the weights of mice and guinea pigs, then 
the amount of toxin that kills an actual 
animal is also the amount required to kill 
a hypothetical 1-kilogram (or any other 
weight) individual of the same species. 
This leads to the conclusion that the 
mouse is more sensitive to type B toxin 
than the guinea pig, a conclusion which 
contradicts that based on the conventional 
extrapolations of toxic dose for individual 
animals of different weights. 


; ee dose 
(mg of Nx 10°/LD») 





Ratio (mouse: 
guinea pig) 





6.2 for 20-g mouse 
31.2 for 300-g guinea pig 





£35 
310 per 1-kg mouse 
103 per 1-kg guinea pig 
3:1 
767 








the specific nature of the mechanism 
of poisoning by botulinal toxins. These 
toxins are known to act strictly at ter- 
minal ends of cholinergic autonomic 
nerves and at the neuromuscular junc- 
tion. Thus, if the number of these sites 
of action is fixed at birth and does not 
change with the growth of the animal to 
adulthood, then it may be expected that 
body weight will have no appreciable 
influence on response to toxin. This 
thought can be framed in another way. 
The botulinal toxins are not general cel- 
lular poisons. They probably act on bio- 
chemical substrates which do not keep 
pace in quantity with increase in body 
weight. It would be worth while to learn 
whether this hypothesis is applicable to 
other poisons—say, those affecting the 
nervous system in a quite specific way 
or in several specific ways. 


Toxin as an Oral Poison 


A puzzling fact about the botulinal 
toxins is that they are oral poisons. The 
fact that the toxins chemically are typi- 
cal proteins which apparently survive 
passage through the alimentary tract 
raises challenging questions. How can 
such proteins survive running the gamut 
of digestive juices, and how can mole- 
cules of the large dimensions of protein 
molecules pass through the alimentary 
barrier into the 


general circulation? 


While the older literature reports that 
botulinal toxins are resistant to detoxifi- 
cation by proteolytic enzymes, recent 
work done with quantitative techniques, 
adequate numbers of experimental ani- 
mals, and type A toxin of varying de- 
grees of purity has shown detoxification 
capabilities for trypsin and chymotryp- 
sin, enzymes of the small intestine. Re- 
sults with pepsin have been conflicting 
(16, 17). With type E toxin, trypsin has 
been shown to act both as an activator 
and as a detoxifying agent. In vitro con- 
tact of this toxin with trypsin leads to 
an initial increase in the number of 
lethal parenteral doses, followed by de- 
creases (18). 

Since detoxification can result from 
exposure to trypsin and chymotrypsin, 
botulinal toxin might be thought of as 
acting as an oral poison because it is 
absorbed before it enters the small in- 
testine. The attraction of this hypothesis 
is diminished by findings which make it 
doubtful that absorption occurs in any 
significant degree from the stomach, 
where toxin would be exposed only to 
pepsin (19). No critical studies delineat- 
ing the possibility that the oropharynx 
and esophagus act as major avenues of 
systemic absorption have been reported. 
Such a demonstration would help to ex- 
plain reports that botulism has occurred 
in human beings after the mere tasting 
of contaminated foods. It is known that 
toxin can be absorbed from the lower 


Table 3. Comparison of the susceptibility of mouse, ferret, and mink to botulinal toxin 
types A and B administered by the intraperitoneal (i.p.) and oral routes. [From Moll 
and Brandley (2/), except for data in column 8. Courtesy of the American Veterinary 





Association] 
Type Aver- Minimum 
ype age lethal 
Route of Animal sche omen 
sinatins wt. dose 
(g) (mg) 
Lp. A Mouse 20 ~=0.000001 
Lp. A Ferret 1620 0.010000 
Ip. A Mink 840 0.010000 
Lp. B- Mouse 20. ~=0.000001 
Lp. B_ Ferret 1520 1.000000 
Lp. B- Mink 1000 1.000000 
Per os A Mouse 20 ~=0.010000 
Peros A Ferret Variable 
Per os A Mink 1000 60-80 
Per os B Mouse 20 ~=0.010000 
Per os B_ Ferret Variable 
Per os B- Mink 980 20.000000 
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0.00010000 2000 1,000,000 
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reaches of the respiratory tract, which 
possesses only a thin layer of epithelial 
cells, and through abrasions and burns 
of the skin and mucous membranes. 
Thus, mouth wounds, and possibly even 
dental caries, may permit absorption of 
toxin before contact with the proteo- 
lytic enzymes of the alimentary tract 
occurs. These considerations, interesting 
though they may be as conjecture, have 
little merit unless they provoke future 
research. On the basis of published evi- 
dence, the small intestine must be re- 
garded as the major site of systemic ab- 
sorption in natural cases of poisoning by 
ingested toxin. The stomach and colon 
are minor absorption sites (19). We 
conclude that ingested toxin appears to 
have every opportunity for contact with 
proteolytic enzymes. 

Actually, what may be significant is 
the persistence of residual amounts of 
toxicity for long periods of time in the 
face of destruction of toxin by proteo- 
lytic enzymes. In vitro, the rate of de- 
toxification decreases with time, and re- 
duction to zero toxicity tends to be 
approached asymptotically. We may sur- 
mise that these relationships are repeated 
in vivo. Relative to a protein such as 
casein, proteolytic enzymes act more 
slowly when type A toxin is the sub- 
strate. These observations imply that 
toxin need not be resistant to enzymatic 
proteolysis in an absolute sense in order 
to act as an oral poison. It is needful 
only that the rate of digestion of the 
toxin before complete destruction be 
such that a lethal dose can pass the bar- 
riers of the alimentary tract. Such a 
situation would be in keeping with the 
oft-repeated much 
larger quantities of toxin—larger by as 
much as 100,000-fold—are required for 
a lethal oral than for a lethal parenteral 
dose. It is also possible that the known 
difference in potency of oral doses of 
various types of toxin in a given animal 


observation — that 


species, or of oral doses of one type of 
toxin in different species (and these dif- 
ferences are considerable) might reflect 
differences in the resistance of the vari- 
ous types of toxin to the digestive juices 
of animals of different species. A case 
in point is the nonsusceptibility of the 
Rhesus monkey to GC and 1D toxins ad- 
ministered orally (20). 

For a complete picture it would be 
necessary to know whether protein from 
extraneous sources, such as foods, can 
slow down or prevent proteolytic de- 
struction of toxin, and whether ingested 
toxin can seriously interfere with the 
secretion of enzymes into the alimentary 
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tract—possibilities which have not been 
seriously explored in any animal species. 
A remaining and likewise untested hy- 
pothesis is that quantitative differences 
in animals of different species with re- 
spect to oral poisoning result from large 
differences in permeability of tissue to 
protein. A resolution of the various pos- 
sibilities could be achieved through 
comparative quantitative balance stud- 
ies on the disappearance of toxin from 
the alimentary tracts in various animal 
species. The experimental data needed 
are the precentages of recovery, in time, 
of toxin taken from the digestive system 
and from the blood stream and lymph. 
In such studies, nonrecoverable toxin 
would represent loss of toxin by destruc- 
tion in the alimentary tract. 

In Table 3 are listed lethal doses de- 
termined by one group of workers in a 
comparative study of the white mouse, 
ferret and mink (2/). The results are 
presented to illustrate the differences 
often found between data for intraperi- 
toneal and data for oral exposure to 
toxin, and the fact that the relative sen- 
sitivities of species to different types of 
toxin introduced parenterally is not a 
reliable index of sensitivities to these 
toxins when they are ingested. 

Some toxicity can be detected in in- 
testinal contents or feces for several days 
after ingestion of toxin. Since botulinal 
toxin does not characteristically cause 
the direct irritation of intestinal surfaces 
that is found in other types of bacterial 
food poisoning, such as salmonellosis 
and staphylococcus enterotoxin poison- 
ing, diarrhea or vomiting do not neces- 
sarily follow ingestion of botulinal toxin. 
These processes, which might be consid- 
ered self-cleansing mechanisms, limiting 
the period of absorption of toxin, thus 
do not regularly occur in the animal in 
botulism. Constipation is not infrequently 
observed ‘in botulism. Consequently, 
death is potentially the outcome, even 
when rates of absorption are slow. These 
observations suggest that in clinical treat- 
ment of botulism every effort should be 
made to promptly clear the alimentary 
tract in toto. Physicians have not always 
used high enemas in addition to the 
stomach pump. 

How botulinal toxins pass across the 
membranes of the alimentary tract is 
not known. While there has been reluct- 
ance to believe that the toxin is absorbed 
systemically in the form of a whole pro- 
tein particle, there is no present evidence 
in support of any other conclusion. Ab- 
sorbed. toxin may not have the molecu- 
lar weight of crystalline toxin (900,000) 
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(5), but the molecule is large enough 
to be nondialyzable (19). The sojourn 
in the intestinal tract does not lead to 
fragmentation of the toxin to absorbable 
dialyzable toxic molecules. During en- 
zymatic digestion observed in vitro, 
toxin does not appear in the small mo- 
lecular-weight fractions, which become 
soluble in cold 0.25-percent trichloro- 
acetic acid (1/7). Nor does the toxin ex- 
posed to pepsin, trypsin, or chymotryp- 
sin in vitro become able to pass through 
the wall of laboratory dialysis tubing. 

From the alimentary tract, toxin is 
passed into lymph rather than directly 
to blood and is not dialyzable as recov- 
ered in the lymph (1/9). The explana- 
tion of the permeability of the alimen- 
tary tract with respect to toxin may rest 
on some unexpected capacity for pro- 
teins in general to escape in small 
amounts by a lymphatic route, a possi- 
bility currently under investigation at 
the Naval Biological Laboratory. The 
alimentary tract may not be such an 
absolute and impenetrable barrier to 
systemic absorption of whole unmodified 
protein as common sense would suggest. 
In reality, only extremely small quan- 
tities of a protein such as a toxin need 
penetrate the intestine for a fatal result 
to ensue. The potency of ingested botu- 
linal toxin may be attributable to its ex- 
traordinary toxicity alone and not to any 
unusual ability to escape destructive in- 
testinal processes or to possession of 
toxophores of small molecular weight 
released from a larger carrier particle 
by intestinal mechanisms. Parentheti- 
cally, it is worthy of remark that botu- 
linal toxins could prove to be unique 
tools for the study of small breaks in 
permeability barriers to the free diffu- 
sion of proteins in vivo. 


Mechanism of Poisoning 


In botulism the immediate cause of 
death is usually a paralysis of the skele- 
tal musculature, which results in inter- 
ference with breathing and in terminal 
asphyxia. Observation for visible gross 
and microscopic pathological changes in 
botulism is unrewarding. When histo- 
logical changes are found, they prove to 
be secondary to the primary mechanism 
of poisoning and are accentuated when 
death is postponed. The greater the dose 
of toxin, the more rapidly death ensues, 
and the less likely it is that histopatho- 
logical changes will be observed. 

Botulism is a paralysis of the efferent 
autonomic nervous system—that is, of 





the portion of the nervous system that 
stimulates the self-acting (involuntary) 
muscles of the body. The central nerv- 
ous system is not affected. Intracranial 
injection of toxin results in the same 
symptoms of poisoning and times of 
death that are observed when injection 
is made at other sites. Sensory nerves are 
not harmed. The actual site of poisoning 
is at the synapses of efferent parasym- 
pathetic nerves and somatic motor 
nerves (the end plate or myoneural junc- 
tion). The reaction at the site of action 
is a subtle one, which leaves no visible 
mark as yet recognized by the human 
observer. The productive techniques for 
studying the mechanism of poisoning in 
botulism have been, therefore, those of 
the neurophysiologist. The neuroanato- 
mist still has an opportunity to discover 
ways to make his contributions. 

Transmission across synapses is per- 
formed chemically. An impulse in a 
nerve releases a chemical substance at 
the terminal fibers. The released sub- 
stance then acts to initiate an impulse 
in the recipient postjunctional structure, 
whether this be the dendrites of an- 
other nerve cell or a muscle end plate. 
The system for synaptic transmission is 
composed of two subsystems, one (the 
adrenergic system) depending on an 
adrenaline-like substance, sympathin, as 
a chemical transmitter and the other 
the cholinergic system), on acetylcho- 
line. Only the cholinergic system is af- 
fected by botulinal toxins. 

The mechanism of botulism poisoning 
is rigidly specific; hence, these toxins 
could be employed as tools to map the 
cholinergic system, though historically 
this has not been the means for such 
mapping. It is probable, then, that only 
those species of animals that possess an 
organized cholinergic nervous system 
are affected by botulinal toxins. The 
mere appearance of acetylcholine in a 
living system is not a sufficient condition 
for the action of botulinal toxin. An or- 
ganized nervous system must exist. Thus, 
a microorganism such as the bacterium 
Lactobacillus plantarum, which synthe- 
sizes acetylcholine and secretes it into 
the growth medium, is not affected by 
botulinal toxin, either in its capacity to 
produce and secrete acetylcholine nor 
in any of its other life functions (22). 
Tissue cultures of mammalian cells are 
also unaffected. Work with tissue cul- 
tures must be pursued cautiously, since 
any effects noted upon the addition of 
toxin may be traceable to extraneous 
impurity and not to the neurotoxin 
proper. Nor will the prevention through 
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contact with antitoxin of any observed 
effects of a toxin preparation on tissue 
culture constitute of itself proof of toxin 
activity. Antitoxins as generally pre- 
pared contain antibody against impuri- 
tics and will most certainly be found to 
contain antihemagglutinin. 

Though quantitative differences in the 
toxic dose for animals exist, all but one 
of the vertebrates tested have been poi- 
soned; exception is claimed for the 
American (Cathartes 
aura septentrionalis) (23). The vulture 
was tested, since these birds under ob- 
servation in the natural state did not 
show botulism when feeding on carcasses 
of other birds dead of the toxemia. 
Kalmbach attributed this phenomenon 
to a neutralizing property of vulture 
serum which may have arisen as an evo- 
lutionary adaptation to the natural risk 
of feeding on the carrion of animals 
dead of botulism. The laboratory work, 
done with only four birds, is worthy of 
repetition. Studies with botulinal toxins 
in vultures might have the added value 
of revealing the existence of unsuspected 
peculiarities in the avian cholinergic 


turkey vulture 


nervous system. 

Demonstration of the specificity of 
the site of action of botulinal toxin pro- 
vides a tool hitherto ignored for physio- 
logical studies requiring long-term im- 
mobilization of a muscle or muscle 
group. The perfecting of techniques for 
employing toxin for this purpose in a 
safe manner might lead to successful 
application in therapeutic situations. 
Recovery from nonfatal doses of toxin 
is protracted. Through localizing the dis- 
tribution of toxin and neutralizing, by 
means of antitoxin, any toxin escaping 
from a localized area into the circulatory 
system, it is feasible to render a muscle 
inactive without interrupting unrelated 
vital activity. The potentialities of such 
demonstrated 
through single local injections of toxin 
into the eye; paralysis of cholinergic 
nerves alone for more than six months 
ensues without manifestations of any in- 
terference with the transmission of im- 
pulses by neighboring adrenergic nerves 
(24). 

By the use of isolated muscle-nerve 
preparations it has been possible to dem- 
onstrate unequivocally that there is a 
period of latency between the time of 
exposure to toxin and paralysis. For as 
long as a half hour after introduction of 
the toxin, such muscle-nerve prepara- 
tions may respond to nerve stimulation. 
Yet: shortly after toxin is introduced— 


techniques have been 





often in a matter of a few minutes—it 
becomes impossible to prevent by any 
known treatment, including the use of 
antitoxin, the paralysis that follows the 
period of latency. In essence the reac- 
tion of toxin with an unknown receptor 
is rapid and irreversible and the conse- 
quences of this reaction are delayed in 
time. The event or events leading to 
paralysis of the mechanism of synaptic 
transmission are thought to be chemical 
in nature. The chief evidence for this 
lies in the high temperature coefficients 
demonstrated by the great reduction in 
the length of the period of latency that 
accompanies increase in temperature of 
preparations exposed to toxin. 

For botulism poisoning to occur, the 
terminal endings of sensitive nerves must 
be exposed to toxin solutions. Experi- 
mental bathing of the axon in toxin is 
without effect. If the muscle paralyzed 
by toxin is stimulated directly, it will 
respond. If acetylcholine is added to 
a muscle-nerve preparation which has 
been paralyzed by being bathed in a 
solution of toxin, the muscle will re- 
spond. 

In normal tissue an enzyme, cholin- 
esterase, is produced which acts to de- 
stroy acetylcholine. As a result, the 
acetylcholine released at the synapse by 
any one nerve impulse can act only once 
and only for a moment. This is a neces- 
sary phenomenon if muscle is to be ca- 
pable of an individual response to each 
nerve stimulus it receives by way of the 
chemical transmitter and able to respond 
to each stimulus in a rapid succession of 
stimuli. In botulism, paralysis is not re- 
versed by cholinesterase inhibitors. This 
distinguishes botulism from curare poi- 
soning, which in the past was thought 
to be possibly an analogous phenome- 
non. These as well as other available 
facts all point to the same conclusions 
—namely, that the basis of paralysis in 
botulism is specific interference with the 
release of acetylcholine from the termi- 
nal ends of nerves and does not involve 
events in muscle-nerve physiology that 
follow upon the release of acetylcholine 
(25). Stevenson (25) has presented a 
detailed review of what is known of 
the physiological basis for poisoning in 
botulism. 

The pressing challenging problem in 
the physiology of botulism is the need 
to determine the precise site and na- 
ture of the reactions leading to the 
failure of poisoned nerves to release 
acetylcholine. The elucidation of the re- 
actions would represent a double victory 





—one in our understanding of botulism 
and another, a more intimate knowledge 
of the biochemistry of nerve terminals. 
An extra dividend might be the devel- 
opment of methods for treating botu- 
lism, based on such understanding. Such 
therapy is greatly needed, since all cur- 
rent medical treatment is simply sup- 
portive. The irreversible nature of toxin 
uptake and the short period of latency 
renders the use of antitoxin no more than 
a psychotherapeutic measure in the pa- 
tient in whom symptoms have already 
developed, except for possible neutrali- 
zation of toxin still in the process of 
escaping from the alimentary tract at 
the time antitoxin is injected. 


Prophylaxis 


The incidence of botulism in human 
beings is low (26). Consequently, no 
special incentive has existed for immu- 
nizing large numbers of people against 
botulism. It is useful as a precautionary 
measure nonetheless, to have an immu- 
nizing product available and to use it to 
immunize laboratory personnel. Because 
of their potency, it has been suggested 
that the botulinal toxins might be used 
as agents of warfare. As a result, respon- 
sible governmental agencies have spon- 
sored research aimed at mastering tech- 
niques for large-scale manufacture of ef- 
fective immunizing preparations for de- 
fensive use in human populations. There 
also exist special situations when it is 
useful to be able to immunize domestic 
animals. Immunization of mink, fox, and 
other species raised on fur farms is a 
sound economic policy, since inadvert- 
ently these animals are not infrequently 
fed poisoned spoiled meats. 

Botulinal toxins are highly antigenic 
proteins. Small quantities are capable 
of stimulating an animal to produce 
specific neutralizing antibody. After pas- 
sive immunization of rabbits with anti- 
toxin, small amounts of active toxin can 
be given in a series of injections, with a 
high but not absolute degree of safety, 
which will subsequently result in a self- 
engendered immunity (active antitoxin 
synthesis). Through such a procedure, 
injection of small quantities of crystal- 
line type A toxin (2 mg and less of toxin 
nitrogen) will stimulate rabbits to pro- 
duce maximal quantities of antitoxin. 

Simpler and still safer methods can be 
applied in medical and veterinary prac- 
tice. Fortunately itis not a difficult mat- 
ter to detoxify the botulinal toxins by 
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chemical means without destroying their 
antigenic properties. The addition of 
formaldehyde to toxin solution under 
controlled conditions of reagent con- 
centrations, of acidity, and of tempera- 
ture, is the favored method. The result- 
ing preparations (toxoids) are nontoxic, 
strongly immunogenic, and quite stable. 
Much has been published on the pro- 
duction of botulinal toxoids (27). For 
use in human beings a preparation of 
highly purified toxoid of great efficacy 
is now available (28). It is polyvalent, 
consisting of a mixture of toxoids of 
types A, B, C, D, and E. While the in- 
dividual toxoids in this preparation dif- 
fer in degree of purity, a satisfactory 
response is engendered by each of the 
five components. 

In the manufacture of toxoids, the 
presence of hemagglutinins has been 
ignored. Since hemagglutinin is inacti- 
vated more slowly by formaldehyde 
than is the neurotoxin (7), we have 
not been surprised to find that the 
toxoids as currently prepared possess 
considerable hemagglutinating activity. 
As an example we may cite a purified 
type A product with 11 flocculating 
units of toxoid per milliliter, whose 
hemagglutinating activity was not re- 
duced below detectable macroscopic 
levels until the preparation had been 
diluted more than 73,500 times. Two 
forms of this toxoid—an unmodified 
form and a special preparation from 
which the hemagglutinin had been re- 
moved by adsorption to erythrocytes— 
were injected separately into different 
groups of mice for the purpose of de- 
tecting any histopathological changes the 
toxoid might induce. A comparison was 
made with untreated control mice held 
under the same laboratory conditions 
(29). Since no differences were observed 
among the mice receiving the several 
treatments, the hemagglutinin may be 
considered to be harmless. But more in- 
tensive work must be done before such 
a conclusion can be regarded as defini- 
tive. 

To do away with the hemagglutinat- 
ing activity of toxoid, higher tempera- 
tures, greater concentrations of formalin, 
and more extended toxoiding periods 
can be employed in manufacture of the 
toxoid. However, these modifications of 
manufacture are not without a draw- 
back since they would inevitably tend to 
reduce the immunogenic potency of 
toxoid. Immunogenicity can be pre- 
served in toxoid formation by reaction 
with formaldehyde only up to a point. 
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Extension of the action of toxoiding 
agents results in an antigenically inferior 
product. The best practice is to termi- 
nate toxoiding processes just beyond the 
point of complete detoxification. 

Even if it could be conclusively shown 
that hemagglutinin is harmless from a 
physiological standpoint, and even if the 
hemagglutinin could be inactivated, its 
presence in toxoid in active or inactive 
form could not be accepted with equa- 
nimity. The ideal is to strive for a prep- 
aration that places no unnecessary bur- 
dens on the body and does not require 
it to dispose of foreign protein. It will, 
therefore, be necessary in the future to 
consider ways to remove the hemagglu- 
tinin after toxoiding or to prepare tox- 
oids from purified toxin free of hemag- 
glutinin. For either of these purposes hu- 
man type O red blood cells can be rec- 
ommended as adsorbents for the removal 
of hemagglutinin. Until possibly more 
satisfactory methods of freeing toxoid 
from hemagglutinin can be developed, 
such cells can be employed with the 
satisfying knowledge that any contami- 
nating substance that these erythrocytes 
add to toxoid will be substances nat- 
ural to the chemistry of human blood. 


Conclusion 


In a survey of the work done on the 
subject of botulism, one is struck by the 
fact that efforts have been largely con- 
centrated on studies of the type A toxin. 
This probably arises from two circum- 
stances, the predominance of this type 
as a cause of botulism in human beings, 
particularly in North America, and the 
existence in culture collections of a num- 
ber of strains of type A bacilli which 
produce large quantities of toxin in labo- 
ratory media (on the order of a million 
lethal doses in mice per milliliter). A 
task for the future is to bring the level 
of information about the other types to 
that of information available on type A 
toxin. Yet, to gain equal knowledge 
about the different types of toxin is only 
one goal. 

In truth, the research of the past has 
raised scientifically important and chal- 
lenging questions which are unanswered. 
The significant question from the bac- 
teriological standpoint is that of the role 
of the toxin in the economy of the pro- 
ducing organisms. From the physiolog- 
ical standpoint, the important questions 
are these: How do the toxins escape 
from the alimentary tract and what is 


the exact nature of the mechanism of 
synaptic poisoning? With respect to 
chemistry, the problem is to discover 
what it is about the molecular structure 
of these most potent of poisons that ac- 
counts for their specificity and extraor- 
dinary toxicity. The search for answers 
to each of these questions promises to 
provide new insights into basic problems 
in each of these three fields of knowl- 
edge. The quest for new information 
offers the further possibility of discover- 
ing uses for the botulinal toxins as agents 
in neurophysiological research—an excit- 
ing prospect, since biological knowledge 
always leaps ahead when a new tool is 
available. 

The most pressing task is that of iso- 
lating the toxins from all identifiable ex- 
traneous protein. This must be done to 
make it worth while to undertake inves- 
tigations of the chemical structures of 
the toxins by means of the new and ele- 
gant methods which, in recent times, 
have become available to the protein 
chemist. 

The lack of success that has so far at- 
tended efforts to isolate truly pure toxins 
stems from an ignorance that does not 
appear to have been dissipated at a rate 
commensurate with the really remark- 
able progress made in our knowledge of 
proteins and in methodologies for iso- 
lating proteins. The history of research 
in botulism is a history of efforts of fluc- 
tuating intensity, correlated with periods: 
of excited interest in the solution of 
practical problems. The first period of 
great activity was coincident with the 
realization that the canning industry 
must solve the problem of packaging 
foods without the danger of harboring 
living Clostridium botulinum and its 
toxin. This was the period in which the 
increase in our knowledge of the char- 
acteristics of the organism of botulism 
was most rapid and in which the exist- 
ence of toxin types was discovered. Prac- 
tical canning methods for killing the 
spores of C. botulinum were invented 
and adopted. Botulism ceased to be a 
threat to the economics of the food- 
packaging industry and to the health of 
individuals in an urbanized society. In- 
terest in botulism then waned until 
World War II, when the threat of the 
use of botulinal toxins as chemical war- 
fare agents revived interest. A new surge 
of effort was generated, rapid progress 
was made toward purification of the 
toxins; effective, though imperfect, tox- 
oids for use in human beings were de- 
veloped, and practical large-scale manu- 
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facturing methods were designed. And 
now we are once again in a period of 
declining interest. It is to be hoped that 
no new threat will be needed to gen- 
erate a renewed wave of investigations. 
Let us hope that the intellectual chal- 
lenge alone will bring support for ac- 
tivities that will lead to increased under- 
standing of the botulinal toxins (30). 
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Self-Absorption Correction 
for Carbon-14 


A new treatment yields a correction factor that 


is linearly related to the thickness of the, sample. 


Carbon-14 is undoubtedly the most 
widely used isotope in biochemical re- 
search. However, because of its weak 
emission, beta particles of maximum 
energy 0.156 Mev, there is an appre- 
ciable absorption and scattering of ra- 
dioactivity within the sample itself, as 
a function of the weight of the sample. 
It is of the utmost importance to be 
able to correct accurately for the loss of 
observable radioactivity due to self-ab- 
sorption (/). In the past the problem 
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has been dealt with by (i) counting at 
“infinite thinness”; (ii) counting at con- 
stant thickness; (iii) counting at “infin- 
ite thickness”; (iv) correcting by use of 
an empirically determined curve; (v) or 
correcting by use of a theoretical equa- 
tion with an empirically determined con- 
stant. 

The thinner the sample, the less the 
self-absorption. Therefore, if all samples 
are counted at extremely low weights 
(infinite thinness), the correction will 
be negligible. This requires always hav- 
ing material of sufficiently high specific 
radioactivity to permit accurate deter- 
minations on very small quantities. The 
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criterion is frequently difficult to meet in 
biochemical work. 

If the samples counted are always of 
the same thickness, the correction factor 
will always be the same, and the results 
will all be comparable. It is very tedious 
to weigh all samples to exactly the same 
weight and this method is rarely used. 

The observable count rate of a mate- 
rial of given specific activity will increase 
as the thickness of the sample is in- 
creased. The lowest layer contributes 
less radioactivity to the total observed, 
as more material is added, since its radi- 
ation is progressively absorbed. There is 
a weight of material over a given area 
which will be sufficient to absorb virtu- 
ally all of the radiation from this lowest 
layer. Adding more radioactive material 
after this does not increase the total ob- 
served radioactivity, since the effective 
thickness of radioactive material con- 
tributing to the total observable radia- 
tion is essentially not altered. This is 
known as infinite or saturation thickness, 
and the maximum count rate observed 
from a sample whose thickness is greater 
than the saturation thickness ‘is directly 
proportional to the specific activity of 
the material. This technique is quite re- 
liable but requires relatively large 
amounts of material and therefore is not 
always convenient in biological systems. 

The most general technique involves 
the use of a correction factor so that the 
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radioactivity determined at any weight 
can be expressed in terms of equivalent 
radioactivity that would be observed 
under some previously selected reference 
condition. The reference condition can 
be either “infinite thinness,” “infinite 
thickness,” or a fixed finite weight. A 
curve for correction factor versus weight 
(in milligrams) of sample can be ob- 
tained from a series of planchets of fixed 
area, containing samples of different 
weights of a material of a particular 
specific activity. The empirically deter- 
mined correction factor can then be read 
from the curve for a sample of any 
weight and used to correct to the stand- 
ard condition. The accuracy of the curve 
increases with the number of experimen- 
tal points determined, and it seems nec- 
essary to plot at least 25 points to deter- 
mine accurately a fair range of the curve. 
The correction factor for samples of low 
weight is very difficult to determine be- 
cause of the increase in the percentage 
uncertainty of a weight as the weight is 
decreased to zero, difficulties of ob- 
taining smooth distribution of material, 
and various other theoretical considera- 
tions (2). 

An accurate theoretical equation 
would solve all of the difficulties, since 
it would enable one to know the cor- 
rection factor at any weight through 
simply solving or plotting the equation. 

An equation intended to describe the 
absorption phenomenon was derived at 
about the same time by Libby (3) and 
by Henriques et al. (4). The equation 
is a general one, with a constant which 
can be determined with a few samples. 
The derivation of this equation follows. 

If it is assumed that each layer (dm) 
of material will absorb the same _per- 
centage (a) of the impinging radiation, 
then 


dI _ 
BF a 
InI =— am +k’ 
T="¢-** (1) 
At m=0),-k" =Jo, 
««L=Ie-°" (2) 


where I is the observed count rate in 
counts per minute, J, is the count rate 
at zero absorption, m is the weight of 
the sample over a fixed area, and a is 
the fraction of radiation lost when the 
radiation passes through a layer of ma- 
terial dm. Equation 2 is the typical 
Beer’s Law expression. Now if the ma- 
terial itself is radioactive, then for a 
sample of constant area and geometry 
an increment of material will have an 
initial activity dJ,=odm, where o is the 
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observed specific activity in counts per 


minute per milligram at infinite thin- 
ness and dm is the weight of the layer 
increment. Thus: 


I m 
f dIl=o J e- *"dm (3) 
0 oO 


Integrating from the top of the sam- 
ple downwards, 


_am \ 
pote DS iim) (4) 
a a. 


where o is the specific activity of the 
material at zero absorption in counts per 
minute per milligram. At m=, 


Se RPO oe 
~*~ a 7 vs 


where Jo is the maximum count rate 
observed at infinite thickness (mo). 


.1=Te(1—e%) 
or 
I =Ia0(1— 10-@™) (5) 


This is the standard equation for expo- 
nential absorption of radioactivity. It 





can be alternatively derived by stating 
that each increment dm increases the 
radioactivity by virtue of its specific 
activity o and decreases it by virtue of 
blocking a constant fraction a of the 
impinging radiation J. 


dI _ ia 
‘2 =s-@ (6) 
dl rs is 
an }t=o (7) 


This is a standard linear differential 
equation [see Reddick (5)], the solution 
and evaluation of the constants of which 
lead again to Eq. 5. Equation 5 has been 
fitted to series of data so that it has satis- 
factorily described the absorption phe- 
nomenon over workable ranges of the 
curve (6). In practice it has been found 
that corrections based on this curve for 
samples of widely different weights can 
introduce serious errors. Although Libby 
has recently refined the equation by in- 
troducing specific constants for geome- 
try and back scattering (7), the basic 
form of the equation has not been al- 
tered. In his paper, however, Libby 
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Fig. 1. A plot of observed specific activity and absorption correction factor F versus 
weight of sample for counting arrangement No. 1. 
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‘5 Gh Wc Bee SS ek BS ROR ai a ak te a a a le stressed that true exponential absorption rant 
240 }- is not normally observed with the ordi- bilit 
5* Ba CO; nary end-window type counter (7). twe 
In practice it has been found in this cou 
220 ‘i : 
laboratory that the apparent absorption sam 
coefficient a, instead of being constant, arit 
200 appears to decrease as a function of the mel 
weight of the sample. Furthermore, the abo 
180 interesting relation has been found that win 
the apparent specific activity at any dist 
weight is inversely proportional to the of | 
iso weight of the sample. The decrease in dov 
apparent specific radioactivity appears to teir 
ch 140 4 140 follow a hyperbolic, rather than a nega- 3. 
3 el _| tive exponential, curve. If it is desired for 
be 20 - a to correct the apparent specific activity wo 
3 20 un at any weight to the specific activity at to | 
a E “T a reference weight, the factor F is used, rel: 
+ 100 -- — 10-0 having a value as follows: Pa 
& = pez 
80 8.0 F= Set = n = em (8) sf 
a “| where S$ is the observed specific activity 16. 
60 |- — in counts per minute per milligram and ter 
[— > Sree equals R, which equals the specific sak 
40 + 4.0 activity at a reference weight. It is found | 
& | that this factor, when plotted against ing 
the weight of the sample over a fixed ati 
20 + 2:0 _ - : : Sos cle 
area, gives a straight line from infinite 
a thinness to a weight of several times amas 
0 SN saturation thickness. It can be seen that wi 
0 20 40 60 80 100 120 '40 160 180 the slope of this line is equal to R/J«, a 
mg. and that the intercept b on the y-axis is tic 
Fig. 2. A plot of observed specific activity (centimeters per minute per milligram) and equal to R/o, 
absorption correction factor F (straight line) versus weight of sample (per milligram) ral 
for counting arrangement No. 5. F- Em = slope x m+b cn 
ar 
“ = slope + " " 
900 » 
at m= %, the slope is R/Io. di 
ar 
800 F=f m+d (9) ‘a 
of 
700 Ww 
Experimental Details 
600 0! 
, The following counting arrangements h 
e 500 were used. ni 
z 1) Nuclear Chicago scaling unit model B 
= 400 162. Nuclear Chicago model D47 gas- 
n flow counter with an ultrathin “micro- al 
© 300 mil” window. The tube was continually k 
flushed with Q gas. ( 
200 2) Nuclear Chicago scaling unit model k 
162. Tracerlab end-window counting ti 
100 tube TGC-2/1B84 with a window thick- r 
ai ness of 1.9 mg/cm. e 
0 | | | | | | | | | | 0 3) Same as in arrangement No. 2, with a 
0 | 2 3 4 5 6 :f 8 9 10 a layer of aluminum foil in front of the s 
mg./cm? tube window. ( 
Fie. 3. A vl , i , , — 4) Same as in arrangement No. 2, with ( 
g. 3. A plot of observed specific activity (centimeters per minute per milligram) and 
absorption correction factor F (straight line) versus thickness of sample (per milligram the sample 0.8 cm further from the 7 
per square centimeter) for counting arrangement No. 6. counting tube. The purpose of this ar- € 
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on rangement was to evaluate the possi- Table 1. Robinson flow gas counter; BaCOs;; R at 10 mg; S, 118. 
di- bility that the change in the distance be- TS ee Be eh Specific activity corrected “ie 
tween the surface of the sample and the to 10 mg with F Error (% ) 
his counting tube with increasing weight of Ob- mae —— = 
on sample was a major factor in the line- Thickness Wt. served From From Hyper- Expo- 
nt, arity of F versus m. In counting arrange- (mg/cm’) (mg) specific ng pe bolic nential 
he ment No. 2 the planchet surface was as ae pon treat- treat- 
he about 4.0 mm from the counting-tube ment ment — — 
at window. In counting arrangement 4, this er > a = 
; . 1.27 1.9 234 119 159 xa +35 
ny distance was about 12 mm. The surface 9 33 36 915 127 164 +8 +39 
he of the sample approaches the tube win- 2.98 4.4 185 118 148 0 495 
1 dow 0.1 mm per 10 milligrams of pro- 5.97 9.2 128 120 129 +2 de. 
to tein. If the geometry change from 4.0 to 22.5 33.4 48 119 103 +1 — 13 
a 3.9 to 3.8, and so on, were responsible ie ee Fe a an a a 
ed for the linearity of F versus m, then you 4.55 70 149 120 136 +9 415 
ity would not expect the change from 12.0 74.0 184.6 9.4 114 86 ag —27 
ai to 11.9 to 11.8, and so on, to give a linear 10.1 15.5 85 115 111 —4 - 6 
ed, relationship. Since linearity was not ap- 5 ae a i ir a aa oe 
parently altered by this change, it ap- 
pears that the relationship of F to m is 
8) not greatly dependent on this factor. served activity equals the total activity the following formula for several com- 
5) Nuclear Chicago scaling unit model observed at the reference weight. binations of the data: 
ity 162. Robinson windowless gas-flow coun- A plot of F versus m was linear for all 
nd ter (8) flushed with 90-percent argon cases examined in this work. Because R= 1G (10) 
fic and 10-percent CQ,. space is limited, the data for only a few + a = 
nd 6) Potter Instrument Company scal- of the different counting situations are : é 
ict ing unit model 341A driven by a Radi- presented here (Figs. 1-3). where R is reference specific activity; 
ced ation Counter Laboratories (RCL) nu- One could strive to weigh out an ex- G12 is (my —Myee)/ (M2 — My); Sy is 
‘ite cleometer linear amplifier mark 15, act weight of material for the desired the observed specific activity of m, mate- 
nes model 1. Mark 12, model 1 (RCL) reference weight. It has been found rial; S, is the observed specific activity 
hat windowless flow gas tube flushed with more convenient and more accurate of m, material; and m,,¢ is reference 
Ta, methane gas and operated as a propor- (since many experimental points are weight in milligrams. 
gis tional counter. used) to calculate the reference specific The factor F can be used to correct 
The area of sample for counting ar- activity. This can be done by means of observed specific activity at any weight 
rangements Nos. 1 through 5 was 1.54 
cm*. The area of sample for counting 
arrangement No. 6 was 11.5 cm?. In 0.10 
counting arrangements Nos. 1 through | | | = } | | | | | | 
5, the plane of the sample was perpen- a pin! 
dicular to the anode wire of the counter 
and was opposite the tip of the wire. In Pe 
(9) counting arrangement No. 6, the plane — 1* co PROTEIN 
of the sample was parallel to the anode 
wire and exposed to the side of the wire. a 
Radioactive material counted consisted sy 
of (i) CD protein: cell debris proteins of — 
ents hen oviduct (9); (ii) S protein: super- me 
natant proteins of hen oviduct (9); (iii) 
del BaC'O,; (iv) phenylalanine-3-C1*. 3 
: kis 0.04 = 
yas- The technique for determining self- 
cro- absorption correction factors is as fol- =] 
ally lows. (i) Prepare a series of planchets 
(ten are sufficient) containing different 0.02 ia 
»del known quantities of the same radioac- 
ting tive material; (ii) determine the count a 
ick- rate per milligram (specific activity) of 
each planchet; (iii) the factor (F) at 0 | | | | I | | | | | | | 
vith any weight is equal to the ratio of the 0 20 40 60 80 100 120 
the specific activity at a reference weight 
(R) to the observed specific activity; mg 
vith (iv) F times the observed specific activ- Fig. 4. a, absorption coefficient. a is assumed to be a constant in the exponential treat- 
the ity equals the specific activity at refer- ment, but it is a variable in the hyperbolic treatment. The points are experimental de- 
ar- ence weight, and F times the total ob- terminations. The line is the predicted variation according to the hyperbolic treatment. 
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to specific activity at the reference 
weight or to correct total observed radio- 
activity at any weight to total radioac- 
tivity at the self-absorption of the refer- 
ence weight. The factor divided by m 
yields a new factor which can be used 
to convert total radioactivity at the sam- 
ple weight to specific activity at the ref- 
erence weight. 


Discussion 


There are two equations under con- 
sideration in this article. 





P=To(1 =—10-"™) (A) 
and 
I2Rm 
“Rm +Iab (B) 
in the form of 
RR 
Etat get: b (9) 
where 
b=R/o 


Equation A states that the loss of 
apparent radioactivity with increasing 
weight of sample is a function of a nega- 
tive exponential. It assumes that the ab- 


+40 


sorption coefficient «& remains constant 
in spite of the alteration of the spectrum 
of energy distribution of B particles as 
the radiation is passed through layers of 
absorbing substance. 

Equation B states that the loss of 
apparent radioactivity with increasing 
weight of sample is a hyperbolic func- 
tion of a rectangular type. It predicts 
that the absorption coefficient o« must 
vary as the radiation passes through 
layers of absorbing material (see below). 

It is possible to express Eq. A in the 
form of Eq. 9. The result is: 


ae LONE Sika ages 
mt+>-m (Se) Cid) 


It can be seen that for a straight line 
to result from a plot of F against m, the 
expression 


R io 

a m (; a a) =b 
must be a constant. R and IJ are con- 
stants, m is a variable; therefore, for the 
whole expression to be a constant, @ 
must be a variable. By substituting known 
values for R and J« and solving for @ at 
various m values, we can specify how a, 
as derived from Eq. A, must vary in 
order that the observed straight-line plot 
of F versus m may result. From Eq. 9 





and the data of Fig. 1 for protein in the 
Nuclear Chicago micromil counter we 
know that at the reference weight of 
10 mg 


F=1=0.068 x 10+ 
b=0.32 


R 10-2" 
I=— a 
0.32 Ts m (; a | | i alana 


10- am 
= 0.068m (Saw) o 


a m + 4.7 
= log 47 m 


According to Eq. A, a plot of @ ver- 
sus m should yield a straight line parallel 
to the m axis. According to Eq. B, a plot 
of a versus m should yield the curve 
shown in Fig. 4. The points show the 
experimental results. 

Since it is seen that @ in Eq. A is not 
constant, the physical significance of this 
a is lost. The equation was derived by 
treating « as a constant and only has 
meaning if a is a constant. The «@ in this 
equation does not represent the absorp- 
tion coefficient of the material, since it 
is a variable. The question naturally 
arises: What is the nature of the true 
absorption coefficient «*? An equation 
for the true absorption coefficient a* can 
be derived in the following manner. Re- 
ferring back to Eq. 7, let us remove the 
restriction that @ is a constant and in- 
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stead ask how must a* vary to enable 
us to observe the experimentally deter- 
mined straight-line function of F ver- 
sus m. The change in observed activity 
dI with each increment of material dm 
will bé increased by virtue of the spe- 
cific activity of the material and de- 
creased by virtue of the absorption co- 
efficient, which now will be represented 
by a function of m, «*, times the im- 
pinging radiation. 


Seg 9 
— a*] (12) 
We have observed from the experi- 
mental results that: 
id InRm 
dI _ IeR(Rm+Ieb) —IaR *m (13) 
“dm — (Rm + Iwb)? Be 
dl 


ra 
a*# = —am 





(14) 


Substituting Eqs. B and 13 in Eq. 14 
and utilizing the relation b=R/b, and 
simplifying terms, we find that 
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+ as 
Ie om + Ix 





This may be compared to 


a= 6/In 


which is true when a@ is really a con- 
stant. It is seen that a* approaches a as 
m approaches ©, At m=0, a* = 20/Iw. 

Equation 15 states that the variation 
of the absorption coefficient is deter- 
mined by the weight of the sample and 
by I, which is really a function of the 
spectrum of energies of the radioactive 
emission. The actual weight value where 
Ie is experimentally reached is deter- 
mined by the Eynax of the spectrum. The 
actual value of J« itself would be largely 
determined by the average percentage 
distribution of high-energy particles. It 
is to be expected that the energy spec- 
trum would determine the absorption co- 
efficient, and since the energy spectrum 
is altered as the radiation passes through 
layers of material, it is most reasonable 
to conclude that the absorption  coeffi- 
cient does vary with the weight ‘of the 
material. 
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The question next arises as to whether 
in the range of values usually encoun- 
tered in this work the two different 
equations might not be so close that no 
distinction need be made between them. 
Even if this were true, the simpler form 
of the second equation might recom- 
mend its general use. However, the use 
of the exponential equation can intro- 
duce very significant errors, especially if 
widely different weights of samples are 
being compared. 

The correction factor F was obtained 
from the exponential equation, on the 
assumption that the absorption coeffi- 
cient of 0.09 calculated from consider- 
ations given by Libby (7) is a constant 
value. The average absorption coeffi- 
cient of 0.047 was obtained from the 
data of Fig. 1 and was similarly used to 
obtain F from the exponential equation. 
F was plotted against the weight of the 
sample, and straight lines were drawn 
through the nearly linear part of the 
curves. The correction factors were ob- 
tained from these curves as well as from 
the experimental data where a varies 
from 0.09 to 0.01 (Fig. 1). Figure 5 
shows the error involved in correcting by 
factors obtained from the three curves. 
A similar treatment for BaCO, on the 
Robinson flow gas counter leads to the 
results given in Table 1. 

It would seem that since the factor 
does not consistently deviate downwards 
at decreasing weights, back scattering 
does not appreciably affect the results 
at these low values. This may be so for 
two reasons. (i) The error of weighing 
in either direction becomes relatively 
more significant at the weights where 
back scattering is more appreciable. (ii) 
At the very low weights there is not an 
entirely even spread of material, and the 
average thickness of material through 
which radiation passes is greater than 
the thickness for a smooth spread. This 
would tend to decrease counts, probably 
in an amount sufficient to counterbal- 
ance the increase expected due to back 
scattering. At any rate the curve ap- 
pears to maintain its linearity within ex- 
perimental variations down to the lowest 
part. The possibility exists that this treat- 
ment might apply to the other emitters 
of beta particles of weak energy distrib- 
uted over a particular energy range. It 


has been found that BaS*5O, under 
counting situation No. 1 yielded a linear 
plot of the new factor versus m. 

In conclusion it should be emphasized 
that the treatment of radioactivity ab- 
sorption data by either the exponential 
or the hyperbolic equation is strictly em- 
pirical. The fact that an equation works 
provides ample basis for its use. 

It is to be hoped that a full consider- 
ation of the factors involved will some- 
day provide a theoretical basis for the 
proposed, or for some other more closely 
fitting, equation. 


Summary 


A new and simple technique has been 
developed (10) for correcting C** radio- 
activity measurements for loss of radia- 
tion due to self-absorption. Results are 
discussed which show the applicability of 
the technique for many different count- 
ing situations. It is found that the ab- 
sorption of radiation follows a hyper- 
bolic law much more closely than an 
exponential one. Furthermore, the ab- 
sorption coefficient for the sample itself 
has been found to be a function of 
weight rather than a constant, as had 
been assumed for the derivation of the 
law of exponential absorption. 
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Hal Downey, 


Pioneer Hematologist 


Hal Downey, known throughout the 
world for over a generation as the father 
of American hematology, died on 9 Jan- 
uary 1959, at the age of 81. A graduate 
of the University of Minnesota (B.A., 
M.A., Ph.D.), he had been on its teach- 
ing staff from 1903 to 1946. He taught 
histology and zoology in the department 
of animal biology until 1929; thereafter, 
as professor of anatomy, he taught his- 
tology and hematology in the Medical 
School. After his retirement in 1946, he 
gave lectures in hematology for two 
years at the Mayo Clinic and continued 
his research activities in the department 
of anatomy until shortly before his 
death. 

For nearly a half century (1913-1959) 
Dr. Downey was the American editor of 
the Folia Haematologica, one of the 
world’s earliest and most widely recog- 
nized journals of hematology (Leipzig). 
In 1938, after seven years of incessant 
labor, he edited the Handbook of Hema- 
tology, the first encyclopedic work on 
blood and _ blood-forming organs in 
health and disease in the English lan- 
guage, written by 34 contributors and 
comprising 3136 pages in a set of four 
volumes. 

In recognition of his universally known 
pioneer work on the morphology of blood 
cells and their genesis, Dr. Downey re- 
ceived many honors, among them the 
Outstanding Achievement Award of the 
University of Minnesota, in 1951 and 
the Distinguished Service Award of the 
Minnesota chapter of the Sigma Xi 
Society, in 1957; to him were dedicated 
a national conference on “Leukocytic 
Function,” held in 1954 at the New 
York Academy of Sciences; the Hal 
Downey Laboratory of Hematology in 
the Durban Medical School, University 
of Natal, Union of South Africa; and 
Katsuji Kato’s Atlas of Hematology, in 
two volumes, 1954. 

Downey was born on 4 October 1877 
at State College, Pennsylvania. For over 
eight years his father taught mathe- 
matics and astronomy at State College, 
then transfered to the University of 
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Minnesota where, after a career as pro- 
fessor of mathematics, he became dean 
of science, literature, and arts. Dr. Dow- 
ney’s mother was a singer. On an ex- 
tended sojourn in Europe, she took Hal 
along and placed him in a Hannover 
Realgymnasium, where he was educated 
for six years with such efficiency that, 
after returning to the United States, he 
finished: high school in one and a half 
years. During the Spanish-American War 
he enlisted in the Army and served in the 
Philippines in Company A of the 13th 
Minnesota Volunteer Infantry (1898- 
99). In 1905 he was married to Iva 
Clare Mitchell, whom he met at the 
University of Minnesota. They had 
three children, Phyllis, Richard and 
Jean, all of whom were graduated from 
the university. 

After he obtained his doctorate 
(1909), Dr. and Mrs. Downey went to 
Europe, where they spent 15 months. 
Here, he received additional basic train- 
ing in hematology. In Berlin, he studied 
under Pappenheim, the world’s most 
eminent clinical hematologist, from 
whom he learned the import of nuclear 
structure, as seen in dry smears, as a 
means of identifying the different types 





Hal Downey 





of blood cells. In Strassburg University 
he worked with Weidenreich, for many 
years the outstanding anatomic hema- 
tologist, and he learned from him, in 
an extended investigation of the forma- 
tion of lymphocytes in lymph nodes and 
spleen, the technique of the proper 
study of blood cells and blood-forming 
organs in sectioned material. 

It was my good fortune to be one of 
Dr. Downey’s earliest graduate students, 
this at a time (1918) when morpholog- 
ical hematology was in its hectic forma- 
tive period and far from its status today. 
Mast cells were regarded as mucoid de- 
generating lymphocytes (Pappenheim). 
Dr. Downey proved this view to be 
erroneous by showing that histogenous 
mast cells can develop from lympho- 
cytes in lymph nodes. For a graduate 
thesis, Dr. Downey gave me the prob- 
lem of investigating the mast cells in the 
lower vertebrates. It was while working 
with him at Minnesota that I learned to 
know him as a teacher, scientist, friend, 
and family man. As a teacher, he was 
meticulously precise and exacting, giv- 
ing to his students with uncompromising 
grace the benefits of his own excellent 
training, prodigious reading, and widely 
diversified and extensive research. As a 
scientist, Dr. Downey loved research 
more than teaching, for his life’s aim 
was to advance our knowledge in mor- 
phological hematology, and thereby to 
help clinicians interpret properly the 
variant and at times puzzling dyscrasias 
of the blood and blood-forming organs. 
As a man, his friendly, mild demeanor, 
honesty, humility, humor, and, above 
all, his unwillingness to assume the flare 
and trappings of grandeur mark him as 
one to be studiously emulated in our 
time and country. 

The carefully prepared, clearly pre- 
sented, creative contributions of Dr. 
Downey on blood cells and blood-form- 
ing organs number over 50, there being, 
in addition, numerous reviews and essays 
on hematological subjects. His publica- 
tions comprise investigations on the lym- 
phatic tissue of the kidney of Polyodon 
spathula; the production of lymphocytes 
and large mononuclears from the reticu- 
lum in lymph nodes and spleen (with 
Weidenreich); the origin of plasma 
cells, mast cells, eosinophils, neutro- 
phils, erythrocytes, and hyaline bodies; 
the origin of blood platelets, Dr. Dow- 
ney having been among the first to con- 
firm Wright’s theory of their origin from 
megakaryocytes; the histopathology of 
Gaucher’s disease (large-cell splenome- 
galy) (with Mandelbaum); intra-vitam 
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staining of histiocytes and macrophages; 
reaction of blood and tissue cells to acid 
colloidal dyes; development of mam- 
malian spleen (with Thiel); alterations 
of lymphocytes by which infectious 
mononucleosis now can be clinically 
diagnosed even when the heterophil ag- 
glutination test is normal (with McKin- 
lay); the myeloblast under normal and 
pathological conditions; a method for 
studying leucocytes (with Slider, in Mc- 
Clung’s Handbook of Microscopic Tech- 
nique); the nature of cells (especially 
as regards nuclear structure) found in 
monocytic leukemia and leukemic re- 
ticuloendotheliosis (presented in a chap- 
ter in his Handbook of Hematology and 
in a large series of papers published 
jointly with his students). Other jointly 


published papers are those on the origin 
of megakaryocytes in the spleen and 
liver in atypical myelosis; the blood 
picture of the newborn; regeneration 
of lymph nodes and bone marrow; he- 
matologic and histologic study of mye- 
loid megakaryocytic hepatosplenome- 
galy; and regeneration of thymocytes 
after irradiation. Among his later pa- 
pers are “The megaloblast-normoblast 
problem”; “Development of histiocytes 
and macrophages from lymphocytes”; 
and “The reaction of the great omen- 
tum to pipe tobacco tar,” this 1959 pa- 
per being the result of a study in cancer 
research. 

For thousands of his pupils and hun- 
dreds of his graduate students, the 
memories of the man and his work will 


News of Science 


Congress Acts To Give States 
Radiation Control Authority; 
HEW’s Role Increased 


Legislation passed in the closing days 
of Congress has led to some definitive 
steps towards settling the long contro- 
versy over responsibility for developing 
and enforcing public standards for ra- 
diation safety. The Atomic Energy Act 
has been amended with respect to state 
regulatory authority over health and 
safety aspects of atomic energy activi- 
ties, and the new National Radiation 
Council, formed by executive order in 
mid-August to advise the President on 
radiation matters, has become a _ per- 
manent body established by law. These 
actions were effected by a bill that was 
passed in both houses on 11 September. 
Senator Clinton P. Anderson (D-N.M.), 
chairman of the Joint Committee on 
Atomic Energy, sponsored the measure, 
S. 2586, which was presented to the 
House as H.R. 8755 by Representative 
Carl T. Durham (D-N.C.), vice chair- 
man of the Joint Committee. The bill 
that was passed was an amended version 
of S. 1987, and of its counterpart, H.R. 
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7214, introduced in May. The chief 
amendment was the addition of the 
clause on the National Radiation Coun- 
cil. 

The need to change the Atomic 
Energy Act to permit greater federal- 
state cooperation has been a subject of 
concern to the members of the Joint 
Committee since passage of the act in 
1954. Both Anderson and Durham have 
in past years unsuccessfully introduced 
bills that would have given the states 
such regulatory authority over atomic 
energy activities as they were ready to 
assume. 

They have now been given this au- 
thority. The new legislation clarifies the 
role of the federal government, on the 
one hand, and of state and local govern- 
ments, on the other, with respect to the 
regulation of byproducts, sources, and 
special nuclear materials, in order to 
protect the public from radiation haz- 
ards. It authorizes the AEC to withdraw 
its control over certain materials, prin- 
cipally radioisotopes, but not over more 
hazardous activities, such as the licensing 
and regulation of reactors. It requires 
that federal and state radiation stand- 


have lasting strength and inspirational 
force, for Dr. Downey was indubitably 
America’s greatest morphological hema- 
tologist. His accomplishments in the ad- 
vancement of our knowledge of blood 
cells and blood-forming organs rank 
with those of the world’s greatest pio- 
neer creators of hematology—Pappen- 
heim, Naegeli, Maximow, Weidenreich, 
Ferrata, Jolly, and Minot. The record 
of the conference held in his honor 
under the auspices of the New York 
Academy of Sciences is a recent pub- 
lished effort (1955) to honor him in 
the eyes of the scientific world and of 
his family. 

NicHotas A. MIcHELS 
Department of Anatomy, 
Jefferson Medical College 


ards be compatible and authorizes pro- 
grams to assist the states to assume in- 
dependent regulatory jurisdiction. The 
new law does not authorize a wholesale 
relinquishment by the AEC of its regu- 
latory responsibilities, but only a gradual, 
carefully considered transfer on a state- 
by-state basis as individual states become 
qualified. 

The section that establishes the Fed- 
eral Radiation Council was added to 
give the new council the prestige and 
permanence of a statutory background. 
The section does not modify the basic 
functions of the council as described by 
the President in his executive order, but 
simply increases its membership from 
four to five by including the Secretary of 
Labor (see “News of Science,” 28 Au- 
gust). 

The Joint Committee report to the 
Senate on S. 2568 emphasizes that the 
committee was informed that the pro- 
vision for the Radiation Council would 
meet with no objections from the direc- 
tor of the Bureau of the Budget or the 
Secretary of the Department of Health, 
Education, and Welfare. It was the 
budget director who this spring coordi- 
nated a study within the executive 
branch concerning the allocation of 
radiation-control responsibilities among 
federal agencies and the transfer of 
functions to states. 


Roles of AEC and HEW 


This study, which resulted in the for- 
mation of the Radiation Council, was 
precipitated by growing disagreement as 
to whether the Atomic Energy Commis- 
sion or the Public Health Service should 
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have charge of radiological health ac- 
tivities, including the collecting, analyz- 
ing, and interpreting of data on environ- 
mental radiation levels. The controversy 
became a sharp public issue in March 
when the National Advisory Committee 
on Radiation, headed by Russell H. 
Morgan of Johns Hopkins University, 
held that it was unwise for a single 
agency—the Atomic Energy Commis- 
sion—to be responsible both for promot- 
ing the uses of atomic energy and for 
regulating against health hazards. Mor- 
gan’s report proposed that central con- 
trol authority over radiation hazards be 
placed in the Public Health Service. 
This recommendation was incorporated 
in a bill introduced in April by Senator 
Lister Hill (D-Ala.). The proposed 
legislation (S. 1228), still pending, is 
called the “Radiation Hazards Act of 
1959.” 

The legislation that has just been en- 
acted does not substantially alter the 
roles of the AEC and HEW in the area 
of radiation health control, although, 
through its membership in the Presi- 
dent’s Radiation Council, HEW will now 
play an active part in the formulation 
of standards and policies and in the co- 
ordination of responsibilities at the fed- 
eral and state levels. Further, the Presi- 
dent has issued a directive that HEW, in 
order to advise him and the general pub- 
lic, should “intensify” its radiological 
health effort and have “primary respon- 
sibility” within the executive branch for 
the collection, analysis, and interpreta- 
tion of data on environmental radiation 
levels, such as fallout. 

The Department of Health, Education, 
and Welfare’s current appropriation 
for radiological work is $3.2 million 
compared to $1 million for fiscal 1959. 
The biggest increase in funds is in the 
Public Health Service’s division of radio- 
logical health, which will receive $2.5 
million for fiscal 1960, compared to 
$634,000 for fiscal 1959. 

In the Senate debate before Ander- 
son’s bill was passed, Senator Hubert 
Humphrey asked whether the new meas- 
ure in any way lessened the need for the 
legislation described in Senator Hill’s 
bill. Senator Anderson replied that his 
proposal had been redrafted to make 
sure that it applied only to “materials 
now regulated by the AEC.” He empha- 
sized that it was not intended “to prej- 
udice in any way Senator Hill’s bill.” 
He added that if at a later date the 
Congress should decide to “enact the 
policies or provisions of Senator Hill’s 
bill, that would be within the power of 
the Congress at that time.” 
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Because of the Administration’s efforts 
to resolve the radiological health ques- 
tions, Senator Hill has not pressed for 
action on his bill. However throughout 
the discussion of the issue it has seemed 
to some observers that the Atomic En- 
ergy Commission has protested publicly 
that it does not oppose a transfer of au- 
thority, yet, as one spokesman put it, 
seems to be “jealously trying to hang on 
to control authority.” It will be interest- 
ing to see to what extent the new Na- 
tional Radiation Council can influence 
the situation. 


Senate Committee Seeks Views on 


Water Resource Problems 


A new governmental group, the Senate 
Select Committee on National Water 
Resources, will work in the field this 
fall and winter to determine the pub- 
lic’s views on a wide range of water 
problems. Hearings at 19 points through- 
out the country are scheduled between 
7 October and 8 December. 

The 17-man committee was created 
earlier this year to study prospective na- 
tional water needs for the periods 1959- 
1980 and 1959-2000. Water for domestic 
uses, agriculture, industry, power genera- 
tion, flood control, recreation, and so 
forth, will be considered. Attention also 
will be given to increasing the usefulness 
of available water resources through 
weather modification, evaporation re- 
duction, conversion of salt water, pollu- 
tion abatement, and application of nu- 
clear energy. 

Conservation agencies and groups are 
expected to testify on such problems as 
pollution abatement, wet-land drainage, 
and protection of stream fisheries. The 
committee also may work on developing 
a formula for deciding how much water 
is needed for federal fish and wildlife 
projects in comparison with the needs 
for irrigation, power generation, and 
other uses. 

Federal agencies concerned with water 
resources have already been asked to 
prepare reports. The committee is to 
transmit results of the study to the Sen- 
ate, with recommendations, by 31 Janu- 
ary 1961. Initial funds for the work 
amount to $175,000. Senator Robert S. 
Kerr (Okla.) is chairman of the select 
committee, and Senator Thomas H. 
Kuchel (Calif.) is vice chairman. Per- 
sons wishing to testify are invited to com- 
municate with the staff director, Theo- 
dore Schad, at Room 3206, New Senate 
Office Building, First and C Sts., NE, 
Washington 25, D.C. 





Mental Health Committee 
Formed to Advise PHS 


Surgeon General Leroy E. Burney has 
announced the appointment of an ad hoc 
committee to develop a basis for im- 
proved planning of mental health facili- 
ties throughout the nation. The com- 
mittee is composed of ten state health 
officials and two representatives of the 
Public Health Service. The group will 
work with PHS in formulating treat- 
ment and administrative guidelines 
which could be used in developing state- 
wide plans for mental health facilities. 

In the past, emphasis has been placed 
on providing large institutions for the 
care of the mentally ill. Services now 
being developed include outpatient and 
emergency service through hospital clin- 
ics or mental health centers, increased 
use of general hospitals for the treat- 
ment of psychiatric patients, “half-way 
houses,” and nursing homes. The com- 
mittee will hold its first meeting in 
Washington on 12-13 October. 


Education Act Graduate 
Fellowships Awarded 


United States Commissioner of Educa- 
tion Lawrence G. Derthick has an- 
nounced that 997 graduate students have 
been awarded fellowships under terms 
of Title IV of the National Defense 
Education Act, designed to increase the 
number of college and university teach- 
ers. The fellowships are set up in 272 new 
or expanded graduate programs in 123 
institutions of higher education. The 
programs were selected from among 
1038 programs proposed by 168 colleges 
and universities. Selection of fellows was 
based on recommendations to the com- 
missioner by the 272 graduate schools 
whose proposals were approved. 

Each fellow will receive $2000 in the 
first year, $2000 in the second year, and 
$2400 in the third year, together with 
an allowance of $400 per year for each 
dependent. The institution will receive 
up to $2500 per year per fellow. Total 
cost of the program during the first year 
is $5,294,000. 


Radiation Protection Measures 


Agreed on by OEEC Countries 


The 17 countries of the Organization 
for European Economic Cooperation 
have agreed on common measures for 
safeguarding their populations from the 
dangers of nuclear radiation. This sum- 
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mer the OEEC Council adopted a de- 
cision requiring member countries to en- 
sure adequate health protection for all 
persons who might be exposed, whether 
occupationally or otherwise, to ionizing 
radiations. Appropriate measures must 
also be taken in connection with emerg- 
encies or accidents involving such radia- 
tions. Finally, all countries are called 
upon to report to the European Nuclear 
Energy Agency, by 15 November, on the 
legal and administrative measures that 
they have taken in this field, so that 
ENEA can make a comprehensive sur- 
vey by the end of the year. 

The council further recommended 
that the health protection measures 
called for should be based on common 
norms that have been developed by 
an international group, established by 
ENEA in May 1958, under the chair- 
manship of Mogens Faber of Denmark. 
Collaboration within this group between 
leading radiation experts in the OEEC 
countries and Euratom has made it pos- 
sible to recommend uniform measures 
for all European countries. These norms, 
in turn, are based on the recently revised 
recommendations of the International 
Commission on Radiological Protection. 





Flemming Names Makers of 


Fraudulent Reducing Devices 


At a recent press conference Arthur S. 
Flemming, Secretary of Health, Educa- 
tion, and Welfare, listed by name and 
maker 27 products and devices that he 
said had been “foisted on the public as 
weight reducers.” All the products 
named had been the subject of court 
cases in which the Food and Drug Ad- 
ministration had forced a change in 
labeling to eliminate false claims, or had 
seized and destroyed the items, or had 
ruled them off the market. 

Flemming pointed out that the Amer- 
ican Medical Association has estimated 
that the public is spending $100 million a 
year on fraudulent weight reducers. He 
then commented that the recent rise in 
appropriations for the Food and Drug 
Administration would increase the in- 
spection staff from 400 to 500 inspec- 
tors. However, Flemming also empha- 
sized that the federal government has no 
authority to proceed against the salon 
type of reducing devices because they 
are not in interstate commerce. Vibrator 
devices were the most numerous among 
the spurious weight reducers. 
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George P. Larrick, Food and Drug Administration head, shows Arthur S. Flemming, 
Secretary of Health, Education, and Welfare, a “magic disc vibrator” during a press 
conference on weight reduction quackery. 
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Giant Telescopes 


The Navy has revealed the dimen- 
sions and other details of the radio tele- 
scope it is building in Sugar Grove, 
W. Va. In size and complexity, the tele- 
scope will dwarf anything of its kind yet 
constructed. Its reflecting mirror will be 
600 feet in diameter. The largest radio 
telescope now in operation, at Jodrell 
Bank in England, has a reflector 250 
feet in diameter. The Soviet Union is 
reported to be planning construction of 
one with a 350-foot reflector. 

Theoretically, it was announced, the 
Navy radio telescope should be able to 
penetrate space to a distance of 38 bil- 
lion light years—19 times farther than 
the range of the 200-inch optical tele- 
scope at Mt. Palomar, Calif., the world’s 
largest. 

In another development, a 140-foot 
radio telescope is now under construction 
on a 10,000-acre site chosen for the Na- 
tional Radio Observatory at Green Bank, 
W. Va., 30-miles from the Navy facility. 
The telescope, which will be 205 feet 
high, is expected to be in operation in 
the fall of 1960. The reflector, made of 
aluminum plates % inch thick, has an 
area equivalent to three-eighths of an 
acre. With its supporting structure, it 
weighs about 350 tons. 


Dow Corning Research Center 


The Dow Corning Corporation, Mid- 
land, Mich., has announced the found- 
ing of the Dow Corning Center for Aid 
to Medical, Research. The purpose of 
the center is to serve the medical pro-~ 
fession on a nonprofit basis by (i) pro-~ 
viding technical aid in the use of sili-~ 
cones in medicine and surgery; (ii) act- 
ing as a clearing house for information 
about medical uses of silicones; and (iii) 
cooperating in research in organosilicon 
chemistry in relation to the human body. 

For the past 10 years Dow Corning 
scientists have been cooperating with 
physicians and surgeons in finding ways 
to use silicones in medical research. Re- 
cent successes in several areas have ac- 
celerated this activity. The corporation 
has established the center to make avail- 
able its advisory services without charge, 
and on a more formal and efficient basis. 
The new unit is separate from Dow 
Corning’s commercial activities but is 
allied with its research department. Rob 
Roy McGregor, assistant research direc- 
tor for Dow Corning since 1955, is the 
center’s director; Silas A. Braley is ex- 
ecutive secretary. 
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News Briefs 


The first volume of an International 
Directory of Radioisotopes—Unproc- 
essed and Processed Radioisotope Prepa- 
rations and Special Radiation Sources, 
containing information on all radioiso- 
topes which are for sale or are otherwise 
distributed by the 50 major suppliers in 
the world, has been published by the 
International Atomic Energy Agency. 
The price of the 264-page directory is 
$3.50. Volume 2 of the International Di- 
rectory of Radioisotopes, containing 
information on the labeled compounds 
of Ci+, H3, [131, P32, and S35, will fol- 
low shortly. 

* * * 

The Atomic Energy Commission has 
announced that it is designing, and plans 
to construct, a small-size pressurized 
water reactor plant. Accordingly, the 
commission is inviting proposals from 
cooperatives and public power organi- 
zations with respect to participation in 
the project. For information, write to: 
S. R. Sapirie, Manager, U.S. Atomic 
Energy Commission, Oak Ridge Opera- 
tions Office, P.O. Box E, Oak Ridge, 
Tenn. 

* * & 


A Space Science Division has been es- 
tablished in the California Institute of 
Technology’s Jet Propulsion Laboratory, 
a research facility of the National Aero- 
nautics and Space Administration. The 
new division will undertake both theo- 
retical and experimental studies in the 
space sciences. Initially, the division will 
consist of two sections—the research 
analysis section, with Manfred Eimer 
acting as section chief, and a section 
under Henry Richter, Jr., to be known 
as the space instruments section. A. R. 
Hibbs is acting chief of the division. 

* 2 

The National Foundation, New York, 
has established an Advisory Committee 
on Virus Vaccines with Thomas B. 
Turner, dean of the medical faculty, 
Johns Hopkins University, as chairman. 
The new group will at first make rec- 
ommendations on problems associated 
with live-virus poliomyelitis vaccines but 
may later be asked to advise on other 
vaccines. 

* * * 

Copies of four advanced design stud- 
ies for power reactors, and the Atomic 
Energy Commission’s evaluation report 
on the studies, are available through the 
Office of Technical Services, U.S. De- 
partment of Commerce, Washington 25, 
D.C.. The design studies, produced by 
industry under contract to the commis- 
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sion, concern heavy-water-moderated, 
pressurized water, boiling water, and or- 
ganic-cooled power reactors. The studies 
were authorized by Congress last year as 
part of the AEC program to produce 
nuclear power economically at an early 
date. Until now, only a limited number 
of copies of the studies have been avail- 
able. 
* * «* 

The Office of Education has an- 
nounced publication of a 32-page report 
on “Educational Systems in Poland” as 
the latest in its series, Information on 
Education Around the World. The 
pamphlet describes elementary, second- 
ary, and vocational schools, teacher-train- 
ing institutions, and higher education. 
Wherever possible, curricula and time 
schedules are given. A bibliography is 
also included. A limited number of 
copies of the report are available on re- 
quest from the U.S. Office of Education, 
Washington 25, D.C. 

* * * 

Japan is building a new observatory 
on Mount Chikurin, near Kamogata in 
Okayama prefecture, about 500 miles 
southwest of Tokyo. This branch station 
of the Tokyo Astronomical Observatory 
will become the center for astrophysical 
research in Japan. When construction 
was begun last December, the station 
was formally named the Okayama Astro- 
physical Observatory. Initially there will 
be two major reflectors, a 74-inch and a 
36-inch, together with a main building 
for offices and laboratories, housing for 
observers and a small museum for visi- 
tors. The two telescopes are expected to 
be installed by the middle of 1960. 

+ & & 

The Atomic Energy Commission has 
published a 32-page booklet, T/D-8200, 
Nuclear Reactors — Built, Building or 
Planned in the United States, which is 
available without charge from the com- 
mission’s Technical Information Service 
Extension, P.O. Box 62, Oak Ridge, 
Tenn. The booklet is composed of six 
sets of tables covering: civilian power 
and propulsion reactors; other civilian 
reactors; military propulsion, power, and 
test reactors; production reactors; reac- 
tors for export; and critical assembly 
facilities. Each table shows the name of 
the owner, location, principal contrac- 
tor, type, power ratings, and start-up 
date for the various reactors. 

* * * 

An International Ergonomics Asso- 
ciation has been formed, with head- 
quarters in Zurich. The objective of the 
new society is to bring together individ- 
uals and organizations concerned with 








the development and application of sci- 
entific biological knowledge related to 
the utilization of human capacities in 
work. Involved are scientists in physi- 
ology, psychology, and anatomy and in- 
dustrial physicians and engineers, as well 
as organizations representing manage- 
ment and labor. The association is plan- 
ning to hold its first meeting in Stock- 
holm in 1961. For information, com- 
municate with Dr. H. S. Belding, Pro- 
fessor of Environmental Physiology, De- 
partment of Occupational Health, Grad- 
uate School of Public Health, Univer- 
sity of Pittsburgh, Pittsburgh, Pa. 
ee * 


Argonne National Laboratory, Le- 
mont, IIl., has announced the formation 
of two new major divisions—one for high 
energy physics and one for solid state 
science. Acting director of the High 
Energy Physics Division will be Roger 
Hildebrand, who is also associate labora- 
tory director for high energy physics. Di- 
rector of the Solid State Science Division 
will be Oliver C. Simpson, formerly as- 
sociate director of the laboratory’s Chem- 
istry Division. Donald C. Stewart has 
been named associate director of the 
Chemistry Division. 

* # # 

UNESCO will organize an intergov- 
ernmental conference, to be held next 
year in Denmark, to discuss the opera- 
tion of international oceanographic ves- 
sels and the establishment of an inter- 
national program of research and train- 
ing in the marine sciences. The date 
will be set by the Director-General of 
UNESCO, after consultation with the 
Danish Government. 

UNESCO’s General Conference de- 
cided last November to convene this 
conference in 1960 and asked the execu- 
tive board to fix the time and place, 
after considering offers from member 
states. Just how the “operation of inter- 
national oceanographic vessels” is to be 
carried out has not yet been decided. 
Proposals under consideration include 
construction of an international research 
ship to be built, equipped, and operated 
by UNESCO, and commissioning of ex- 
isting oceanographic vessels to operate 
on an international basis. 

e:-@. 

The National Aeronautics and Space 
Administration’s Western Coordination 
Office in Santa Monica, Calif., has been 
reorganized and designated the Western 
Operations Office. In addition to the 
liaison functions previously performed, 
the office will provide administrative and 
management, support west of Denver, 
Colo. The .unit’s director is Robert W. 
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Kamm, for the past 2 years chief of the 
plans and policy office of the Arnold 
Engineering Development Center at Tul- 
luhoma, Tenn. Edwin P. Hartman, who 
has headed the office since it was es- 
tablished, just before World War II, by 
the National Advisory Committee for 
Aeronautics—predecessor of NASA— 
will continue in charge of technical 
liaison with universities and the aero- 
space industry. 
* x * 

A new guide to help authors prepare 
clear and legible illustrations for techni- 
cal papers and articles has just been ap- 
proved by the American Standards Asso- 
ciation and published by the American 
Society of Mechanical Engineers. Titled 
American Standard [Illustrations for 
Publications and Projection, Y15.1-1959, 
the 16-page, illustrated pamphlet is 
available at $2 a copy from ASA, 70 E. 
45 St. New York 17, N.Y., or from 
ASME, 29 W. 39 St., New York 18, 
NOY. 

* * %* 

The Government of Australia has 
presented the International Atomic En- 
ergy Agency with complete sets of ten 
of the country’s leading scientific and 
technical journals, and with free sub- 
scriptions. The IAEA library is at pres- 
ent growing at a rate of approximately 
599 acquisitions per week. At the same 
time, it is getting requests from all over 
the world for information on specific 
problems concerned with the applica- 
tion of atomic energy for peaceful pur- 
poses. A special feature of the agency’s 
library is its growing collection of legis- 
lative texts on atomic energy. 

ee ae 

Dedication ceremonies for Stanford 
University’s $22 million Stanford Med- 
ical Center at Palo Alto, Calif., were 
held 17-18 September. James Shannon, 
director of the National Institutes of 
Health,* and five other noted speakers 
participated. 

%. @..@% 

A “Second Preliminary List of the 
World’s Rotifer Students” that contains 
the names and the most recent addresses 
of students of the Rotifera and those 
who use rotifers as experimental animals 
is being distributed free to -workers.in.the 
field by Dr. John J. Gallagher, 1716 E. 
Terry, Pocatello, Idaho. 

= 2; 

The American Association of Physics 
Teachers and the American Institute of 
Physics will jointly conduct a. Visiting 
Foreign Scientists Program in Physics in 
1959-60 under a grant from the Na- 
tional Science Foundation. The program 
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will provide opportunities for distin- 
guished physicists abroad to come to the 
United States for visits to educational 
institutions. The visitors will spend from 
3 to 5 weeks in this country. 

The Visiting Foreign Scientists Pro- 
gram in Physics, like the Visiting Sci- 
entists Programs in Physics (colleges 
and high schools), which are also sup- 
ported by NSF, will be administered by 
the staff of the American Institute of 
Physics with the assistance of an ad- 
visory committee appointed by the 
American Association of Physics Teach- 
ers. J. W. Buchta, University of Minne- 
sota, is chairman of the committee. 

* * 

The Atomic Energy Commission will 
discontinue operation of the American 
Museum of Atomic Energy in Oak 
Ridge, Tenn., next 30 June. The mu- 
seum has been run for the commission 
since 1949 by the Oak Ridge Institute 
of Nuclear Studies. The institute will 
continue to administer the AEC travel- 
ing exhibits that are sent throughout the 
United States. Last year these exhibits 
were seen by more than 8 million peo- 
ple. In comparison, only about 80,000 
a year visit the museum. 


Grants, Fellowships, and Awards 


Blindness. The National Council to 
Combat Blindness, Inc., has announced 
that the closing date for receipt of com- 
pleted applications for Fight for Sight 
research fellowships, grants-in-aid, and 
summer student fellowships is 1 January 
1960. Appropriate forms may be ob- 
tained by addressing the Secretary, Na- 
tional Council to Combat Blindness, Inc., 
41 W. 57 St.; New York 19, N.Y. 

Cerebral palsy. The United Cerebral 
Palsy Research and Education Founda- 
tion has announced the availability of 
long-term research and training grants, 
clinical fellowships for young physicians 
in their residency years, postdoctoral 
fellowships in brain research, and short- 
term fellowships for medical students. 
The deadlines for submission of appli- 
cations are 15 September, 1 January, 
15 March, and I July. Additional infor- 
mation may be obtained from: Director 
of Research, United Cerebral Palsy Re- 
search and Educational Foundation, 321 
W. 44 St., New York 36, N.Y. 

Statistics. Awards for study in statistics 
by persons whose primary field is not 
statistics but one of the physical, biologi- 
cal, or social sciences to which statistics 
can be applied are offered by the depart- 
ment of statistics of the University of 





Chicago. The awards range from $3600 
to $5000 on a 9-months’. basis, or $4400 
to $6000 on an 11-months’ basis. The 
closing date for applications for the aca- 
demic year 1960-61 is 15 February 1960. 
Further information may be obtained 
from the Department of Statistics, Eck- 
hart Hill, University of Chicago, Chicago 
37, Til. 


Scientists in the News 


Five major awards were presented 
during the American Psychological As- 
sociation’s recent meeting in Cincinnati, 
Ohio. 

E. G. BORING, professor of psychol- 
ogy emeritus of Harvard University, re- 
ceived the Gold Medal Award of the 
American Psychological Foundation “for 
his varied and distinguished contribu- 
tions to psychology as investigator, his- 
torian, theorist, teacher, administrator 
and statesman, popular expositor, and 
editor.” 

MARJORIE Van ve WATER, sci- 
ence writer for Science Service, Wash- 
ington, D.C., received the foundation’s 
second award, ordinarily given for an 
outstanding book or article, “ior her 
career of distinguished popular interpre- 
tation of psychological science.” 

The three $1000 APA awards for dis- 
tinguished scientific contribution were 
presented to: 

NEAL E. MILLER, James Rowland 
Angell professor at Yale University and 
the newly elected president of the asso- 
ciation; 

LEON FESTINGER, professor of 
psychology at Stanford University; 

DONALD B. LINDSLEY, professor 
of psychology at the University of Cali- 
fornia, Los Angeles. 


J. B. GHASSAN, formerly of the Mas- 
sachusetts Institute of Technology’s 
Operations Evaluation Group, has been 
appointed chief of the newly established 
Biometrics Branch of Saint Elizabeths 
Hospital, Washington, D.C. 


EDGAR P. KING, head of the de- 
partment of operations research of Eli 
Lilly ard Company, has been named 
head of the company’s newly established 
statistical research department. 


WALTER C. WILLIAMS, chief of 
the National Aeronautics and Space 
Administration’s High-Speed Flight Sta- 
tion, Edwards, Calif., has been named 
associate director of Project Mercury, a 
‘program which is designed to put a 
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manned space capsule into a controlled 
orbit around the earth and return it 
safely. PAUL F. BIKLE, technical di- 
rector of the U.S. Air Force Flight Test 
Center, Edwards, Calif., will succeed 
Williams at the High-Speed Flight Sta- 


tion. 


DAVID R. CURTIS, a fellow of the 
John Curtin School of Medical Research 
of the Australian National University, 
has been appointed visiting professor of 
physiology at the State University of 
New York Downstate Medical Center, 
for | year. 


THEODORE BURNSTEIN, | for- 
merly of the Merck Institute of Thera- 
peutic Research, has been appointed re- 
search associate professor at the Univer- 
sity of Miami School of Medicine. He 
will do research at the Variety Chil- 
dren’s Research Foundation in Miami, 


Fla. 


LAWRENCE K. AKERS, acting 
chairman of the University Relations 
Division of the Oak Ridge Institute of 
Nuclear Studies, will be on leave of ab- 
sence from the institute for 1 year to 
serve as chief of the Training Branch 
of the International Atomic Energy 
Agency’s Division of Exchange and 
Training of Scientists and Experts, in 
Vienna, Austria. 


ROBERT E. HOLLINGSWORTH, 
assistant general manager for adminis- 
tration of the Atomic Energy Commis- 
sion, Washington, D.C., has been ap- 
pointed deputy general manager ef the 
commission, 


RICHARD J. BING, professor of 
medicine at Washington University, St. 
Louis, has been appointed William H. 
McGregor professor of internal medi- 
cine at Wayne State University. He will 
act as chairman of the department of 


medicine. 


WARREN JAMES HAAS, formerly 
assistant librarian at Johns Hopkins Uni- 
versity, has been appointed library con- 
sultant to the staff of the Council of 
Higher Educational Institutions in New 
York City. In the newly created posi- 
tion, Haas will work to identify specific 
and general areas of library activity in 
which cooperative efforts might be most 
fruitful in strengthening library resources 
and services to higher education in the 
New York area. He will seek to develop 
bases of agreement among institutions of 
higher education for sharing specialized 


784 


collections, and will work to formulate 
plans among the libraries of the city for 
subject specialization in the acquisition 
of materials for advanced study and re- 
search. 

Also to be investigated is the practi- 
cability of various forms of joint storage 
and ownership of library resources in a 
deposit and interlibrary center that 
would serve the entire area. 


JAMES R. EDBERG, research engi- 
neer with the California Institute of 
Technology Jet Propulsion Laboratory’s 
Wind Tunnel Section, has been ap- 
pointed professor on the staff of the 
North Atlantic Treaty Organization’s 
Training Center for Experimental Aero- 
dynamics, Brussels, for 1 year. 


SAMUEL GLASSTONE, consultant 
to the Los Alamos Scientific Laboratory, 
Los Alamos, N.M., will be awarded the 
Worcester Reed Warner Medal for an 
outstanding contribution to the perma- 
nent literature of engineering during the 
annual meeting of the American Society 
of Mechanical Engineers, to be held in 
Atlantic City in November. 


H. WILLARD DAVIS has taken a 
l-year leave of absence as chairman of 
the department of chemistry at the Uni- 
versity of South Carolina to become a 
principal scientist at the University Re- 
lations Division of the Oak Ridge In- 
stitute of Nuclear Studies, Oak Ridge, 
Tenn. 


ETIENNE HIRSCH, president of 
the European Atomic Energy Commu- 
nity, will be the principal speaker at the 
joint banquet of the American Nuclear 
Society and the Atomic Industrial 
Forum, which will be held 4 November 
at the Sheraton-Park Hotel in Washing- 
ton, D.C. 


WILLIAM H. SLATON, formerly 
assistant manager for administration and 
construction of the Atomic Energy 
Commission’s Albuquerque Operations 
Office, N.M., has been appointed deputy 
assistant general manager at the com- 
mission’s 


D.C. 


headquarters, | Washington, 


ROBERT J. GLASER, dean and pro- 
fessor of medicine at the University of 
Colorado School of Medicine, has been 
named vice president for medical af- 
fairs. He will continue to serve as dean 
of the School of Medicine. 


KENNETH W. GARDINER, §for- 





merly director of the General Chemis- 
try Laboratory of the Central Research 
Division of the Continental Can Com- 
pany, Chicago, has been appointed as- 
sistant chief research chemist at Con- 
solidated Electrodynamics Corporation, 
Pasadena, Calif. 


EVAN G. LAPHAM, formerly with 
the National Bureau of Standards, 
Washington, D.C., has been appointed 
director of the Reference Standards 
Laboratories of the Avco Research and 
Advanced Development Division, Wil- 
mington, Mass. 


WALTER R. G. BAKER, president 
of the Syracuse University Research Cor- 
poration, will receive the David Sarnoff 
Gold Medal Award of the Society of 
Motion Picture and Television Engi- 
neers during the society’s convention, 
5-9 October, in New York. 


Recent Deaths 


GEORGE H. GEHRMANN, Wil- 
mington, Del.; 68; former medical di- 
rector of E. I. du Pont de Nemours and 
Company and a specialist on industrial 
medicine, who directed the development 
of the company’s program of preventive 
medicine for employees; 3 Sept. 

JOSEPH HARRINGTON, Chicago, 
Ill.; 86; pioneer in smoke abatement 
projects and former director of Illinois 
fuel conservation programs; designer of 
several types of combustion systems; 7 
Sept. 

HAROLD W. JONES, Philadelphia, 
Pa.; 68; professor emeritus of clinical 
medicine and hematology at Jefferson 
Medical College and first holder of the 
Thomas Drake Martinez Cardeza chair 
of clinical medicine at the college; 2 
Sept. 

NICHOLAS KOPELOFF, New York, 
N.Y.; 69; former assistant professor of 
microbiology at the College of Physi- 
cians and Surgeons of Columbia Univer- 
sity and former bacteriologist at the New 
York State Psychiatric Institute; 4 Sept. 

GEORGE M. TAYLOR, Los Angeles, 
Calif.; 61; professor and chairman of the 
department of orthopedic surgery at the 
College of Medical Evangelists; 1 Sept. 

FRANK PLACE, Cortland, N.Y.; 78; 
librarian of the New York Academy of 
Medicine from 1905 to 1945; 8 Sept. 

Erratum: The last two lines of note 7 in the 
report ‘Ballistics of Dwarf Mistletoe Seeds,” by 
F. G. Hawksworth [Science 130, 504 (28 Aug. 
1959)], should read “. . . due to gravity, In is 
the natural logarithm, and Vo is the initial ve- 


locity” rather than “. . . due to gravity, and In 
is the natural logarithm of Vo, the initial velocity. 
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Book Reviews 


The Evolution of Living Things. H. 
Graham Cannon. Thomas, Spring- 
field, Ill., 1958. x + 180 pp. $3.50. 


The biological, or synthetic, theory of 
evolution has gained so wide an accep- 
tance, at least in English-speaking coun- 
tries, that one is apt to forget that 
several other surmises still have their 
adherents. One of these possibilities is, 
certainly, the Lamarckian doctrine. H. 
Graham Cannon, a fellow of the Royal 
Society and professor of zoology at the 
University of Manchester, England, is a 
staunch advocate of Lamarckism. In the 
book under review, he attempts to state 
his reasons both for rejecting the biologi- 
cal theory of evolution (which he labels 
‘“Neo-Darwinism,” a name that prop- 
erly belongs to certain speculations, par- 
ticularly those of Weismann, which were 
in vogue early in the present century) 
and for his espousal of a particular brand 
of Lamarckism (psycho-Lamarckism). 
The gist of the latter, in the author’s 
own words, is as follows: “All the evi- 
dence that I have sifted in the earlier 
chapters leads as far as I can see inex- 
orably in one direction: to the concep- 
tion of some guiding force within the 
organism which controls and guides its 
evolution, not by haphazard changes but 
by selected modifications.” 

The assumption of guiding forces is 
not, however, likely to appeal to many 
biologists. None of the evidence referred 
to is either new or original, and all of it 
has been interpreted by other evolution- 
ists in accordance with the biological 
theory. The strictures against the latter 
are, in large part, based on misunder- 
standing. Two examples will suffice. On 
page 116 we read: “The Mendelians re- 
garded the organism as a collection, not 
a complex which is something much 
more, but simply as a collection of unit 
characters for which there was appropri- 
ate but well defined gene representation. 
They regarded the characters of’ an or- 
ganism like so many marbles in a box, 
and just as individual marbles may be 
changed at random and substituted, so 
might the characters undergo isolated, 
independent random change.” Cannon 
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apparently believes that these views, con- 
siderably overstated by him, are still 
held by geneticists. On pages 147 and 
148 he states that “it must be remem- 
bered that it is at least possible that 
there are more different types of organ- 
isms without chromosomes than those 
with them. They can carry no genes and 
therefore they cannot exhibit a Men- 
delian type of inheritance and it follows 
from this that they cannot have evolved 
according to Neo-Darwinian principles 
. . . | am well aware that repeatedly it 
is stated that some sort of sexuality has 
been found among bacteria. But why 
anyone should look for sex in organisms 
which do not possess nuclei I do not 
know.” 

In recent years Lamarckism has suf- 
fered unfairly, because it has acquired 
much-talked-about partisans in the form 
of the Lysenko clique. Cannon is evi- 
dently embarassed by his allies, for the 
whole Michurinist-Lysenkoist affair is 
not so much as mentioned in his book. 
This did not prevent some organs of the 
press from reporting that the trend in 
western biology is now towards accept- 
ance of Lysenko’s views! This would 
only be correct if Cannon’s opinions rep- 
resented a trend, and they do not. 

Tu. DoszHANSKY 
Department of Zoology, 
Columbia University 


Terms Used in Archaeology. A short 
dictionary. Christopher Trent. Philo- 
sophical Library, New York, 1959. 62 
pages. $2.75. 


The effort under review is so fantasti- 
cally bad that one wonders at the irre- 
sponsibility of a publisher who is willing 
to put such a poor job in print: 

Of the meager total of only 240 en- 
tries, some 60 (25 percent) are British 
site-names. The absence among them of 
such important excavations as Star Carr, 
Skara Brae and Sutton Hoo is incom- 
prehensible. On the technical side, one 
also looks in vain for burin, graver, 
scraper, leister, rock shelter, assemblage, 


industry, culture, and other significant 
terms too numerous to mention. Flake 
is given, but pressure flaking, core, 
blade, and striking platform are not. 

Sins of commission outweigh those of 
omission and occur on every page. Most 
of the definitions are grossly inadequate, 
and errors abound. Hallstatt for exam- 
ple, is not spelled Hallstadt, Paleolithic 
cultures are not customarily called by 
the names of their type sites but rather 
by their adjectival forms (for example, 
The Magdalenian Culture, not The La 
Madeleine Culture), and Sumerologists 
will be startled, and not too pleased, to 
learn that Akkad and Sumer are merely 
alternative terms. 

Normally one would consider $2.75 a 
modest sum for a technical dictionary, 
but with the decimal point moved two 
places to the west this one would still be 
overpriced, 

Rosert W. Enricu 
Department of Sociology and 
Anthropology, Brooklyn College 


The Nimonic Alloys. W. Betteridge. 
Arnold, London; St. Martin’s Press, 
New York, 1959. xii+332 pp. Illus. 
$15. 


The Nimonic Alloys is intended to be 
a comprehensive summary of the prop- 
erties of a single group of commercial 
alloys. It is obvious that any book which 
attempts to present the state of current 
technology in a field in which there is 
great interest and activity will inevitably 
be subject to criticism on the grounds 
that some of the material is already out 
of date. However, it is obvious that in 
this case the author and his colleagues 
have taken special pains to make the 
book as complete and up to date as pos- 
sible. 

The nimonic series of alloys was de- 
veloped in Great Britain during the early 
stages of World War IT; the latest mem- 
ber of the series was introduced in 1955. 
These alloys, all basically modifications 
of the familiar binary 80-20 nickel- 
chromium electrical resistance alloy, are 
used in various wrought forms in gas 
turbines and for other purposes where 
high resistance to scaling and a reason- 
able degree of strength under heat are 
required. 

This book is intended primarily for 
the user and fabricator of these mate- 
rials, and the emphasis is therefore 
placed on their metallurgical character- 
istics and physical and mechanical prop- 
erties. In addition, some information on 
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fabricating and processing techniques is 
given. The book is, however, by no means 
just a catalog or a handbook, for the 
relevant metallurgical factors responsible 
for the particular characteristics of this 
group of alloys are discussed in a com- 
petent and sophisticated manner. 

To question the usefulness to an 
American audience of a book on a class 
of alloys used primarily in Great Britain 
seems justifiable. Yet, although the prop- 
erties and treatments vary somewhat, 
there is much similarity between the 
nimonics and the inconel type of alloys 
so popular in this country. Thus, a per- 
son can find much information that is 
pertinent to all of the high-strength 
nickel-base alloys in this fine volume. 

Rosert A, Huccins 
Department of Metallurgical 
Engineering, Stanford University 


Vascular Plants of the Pacific Northwest. 
Part 4, Ericaceae through Campanu- 
laceae. C. Leo Hitchock, Arthur Cron- 
quist, Marion Ownbey. University of 
Washington Press, Seattle, 1959. 510 
pp. Illus. $12. 


The fourth volume of this flora (the 
second to be published) covers the 
Gamopetalae, except the Compositae, of 
the region extending from southern 
British Columbia south to northern Ore- 
gon, to Idaho north of the Snake River 
plains, and to western Montana. The 
work wisely follows the Engler and 
Prantl system; the families from Erica- 
ceae through Cuscutaceae are presented 
by C. L. Hitchcock; the remainder, from 
Polemoniaceae through Campanulaceae, 
by Arthur Cronquist, except for Castil- 
leja, the second largest genus in the vol- 
ume (the largest being Penstemon), 
which has been prepared by Marion 
Ownbey. 

The book presents, on the whole, a 
conservative account of the families in- 
cluded, with keys, descriptions, full ref- 
erences (with citation of type collec- 
tions), ample synonymy, and a figure of 
each species. The keys and descriptions 
appear to be carefully worked out, and 
the illustrations, by Jeanne R. Janish, 
are of the high quality characteristic. of 
the work of this artist. She possesses, to 
a rare degree, the ability to represent 
habital characters effectively, in com- 
paratively simple drawings; her figures 
of details, particularly of seeds, are 
equally good. (It is hard to understand 
why the opportunity was missed to illus- 
trate for the first time the nutlet of 
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Dasynotus, the only genus of Boragin- 
aceae that is endemic in the area.) 

The treatment differs from that of all 
other floras of this type with which I 
am acquainted in the abundance of dis- 
cussion under the individual species. In 
this volume are given the range and dis- 
tinctive features of the fairly numerous 
infraspecific taxa recognized, together 
with the reasons for the reduction of 
the very numerous species and infraspe- 
cific forms that are placed in synonymy, 
It would seem that the bulk of this ma- 
terial could have been made available 
in preliminary publications, and that 
only the taxonomic conclusions need 
have been presented here; this would 
have saved space and would have made 
for greater clarity. Many of the specics 
are under cultivation or are worthy of 
cultivation; and mention of this fact is 
almost always made under the generic 
descriptions—an unusual and commend- 
able feature in a floristic work. 

The book is lithographed from un- 
justified typescript and has the monoto- 
nous appearance characteristic of this 
style of reproduction. The information 
is there, but it has to be sought; even the 
names of species are in the same type as 
the rest. There appear to be very few 
typographical errors; the only one I de- 
tected was “Kuntze” for “Kunze,” on 
page 90. A serious fault is the alpha- 
betical arrangement adopted for genera 
under the families and for species under 
the genera, without any number system. 
The only conceivable advantage of this 
method is that it cuts down the space 
required for the index; it is no easier, 
in fact it is more difficult, to find 
Penstemon nemorosus, for instance, in 
the 40-page alphabetical treatment of 
the genus Penstemon after one has 
reached it in the key than if it had been 
numbered and placed in its proper sys- 
tematic position. The characters used in 
the keys are often so artificial, or are so 
arranged, that they give no hint of taxo- 
nomic relationships; consequently there 
is little or no indication of the real 
affinities of the taxa dealt with. The ab- 
sence of a numbering system makes it 
impossible to ascertain how many spe- 
cies are given in each genus without 
counting’ them—surely a_ responsibility 
of the author rather than the reader. 
The alphabetical arrangement of spe- 
cies also makes it more difficult to com- 
pare descriptions of closely allied plants 
and usually requires that illustrations of 
such plants, in any sizable genus, appear 
on different plates. The key to Castil- 
leja, with 41 species, contains about 16 
groups of two or three species each, but 





in only one case (and then only for two 
out of three species) do two species of 
any one group appear on the same plate. 
Examination of the couplets and trip- 
lets in the Penstemon key shows a simi- 
lar situation. Surely any possible advan- 
tage of the alphabetical arrangement is 
not enough to offset these real draw- 
backs. 

In coverage the work overlaps L. R. 
Abrams’ Illustrated Flora of the Pacific 
States, of which the fourth and final vol- 
ume is due to appear during the year. 
The geographical area of overlap is 
about 35 percent of the total covered 
in Abrams’ flora and about 45 percent 
of that covered by Hitchcock e¢ al., but 
the percentage of species common to 
the two works is very much greater. In 
this volume, out of approximately 671 
species included, only 84 are assigned a 
range that does not include at least one 
of the Pacific coast states—that is, ap- 
proximately 587 out of: 671. spccies 
should also be described in Abrams’ 
work—of course, often with a more or 
less different circumscription. Grateful 
as one should be for the fresh illustra- 
tions of these species and for the liberal 
discussion of their variation and affini- 
ties, it does seem that a financial bur- 
den is being placed upon the private 
botanists of Oregon and Washington if 
they are to be expected to obtain copies 
of both works; at the present rate of 
increase in prices, it appears certain that 
this will cost them over $120. 

S. F. Biake 
U.S. Agricultural Research Service, 
Beltsville, Maryland 





Medical Museum Technology. J. J. Ed- 
wards and M. J. Edwards... Oxford 
University Press, New York, 1959. 
x+172 pp. Illus. + plates, $3.40. 


This interesting little book is divided 
into three parts, ‘the first two of which 
should be of particular value to the 
medical historian. The first part deals 
concisely with the history of the pres- 
ervation of anatomical specimens, from 
antiquity to the mid-19th century. The 
second ‘part is concerned with the dis- 
covery and introduction of Formalin 
preservation. These historical portions 
occupy about one-half of the book and 
contain accounts of the principal con- 
tributors to medical museum technology. 
Appropriate illustrations add to the gen- 
eral interest of the history. 

The third part of the book contains 
directions for carrying out methods of 
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preservation which are acceptable by 
modern standards of technology. These 
include fixation, with emphasis on Kai- 
serling’s method, and techniques for 
common special situations. Gross stain- 
ing, mounting in liquid media, color 
injection, solid plastic and paper mount- 
ing, maceration, casts, and the prepara- 
tion of transparencies are adequately 
covered. The fabrication of plastic jars 
is illustrated. 

The book concludes with a discussion 
of the organization of the medical mu- 
seum, with hints on the structure, fit- 
tings, arrangement, and labeling and 
selection of specimens. 

An inexperienced person could not 
depend wholly on this book as a guide 
for preparing specimens or setting up a 
medical museum, for most of the in- 
structions are not sufficiently detailed. 
However, an experienced technologist 
could profitably use this work as a 
guide for training others. Or a person 
who has some experience with museum 
techniques could add to his effective- 
ness through judicious use of the hints 
and methods given. 

The principal difficulty facing the 
American reader of ‘the book is its fre- 
quent use of British trade names of 
chemicals and materials. The book con- 
tains a list of suppliers of museum chem- 
icals and equipment, but these are al- 
most exclusively British. A glossary of 
American equivalents for these items, 
together with a list of suppliers, would 
be a valuable addition. 

Frank B. JoHNSON 
Armed Forces Institute of Pathology, 
Walter Reed Army Medical Center 


The Study of Population. An appraisal 
and inventory. Philip M. Hauser and 
Otis D. Duncan, Eds. University of 
Chicago Press, Chicago, IIl., 1959. 
xvi + 864 pp. $15. 


Sponsored by the National Science 
Foundation, this book is designed to in- 
vestigate “the status of demography as 
a science.” Whether or not the reader re- 
gards the objective as having been 
achieved will obviously depend both 
upon his definition of science and upon 
the criteria he regards as relevant in 
determining how far there is an “ordered 
body of knowledge” capable of produc- 
ing explanatory or predictive generali- 
zations. It is unlikely that all demog- 
raphers will agree on. these questions or 
will be satisfied with the statement by 
the editors—who have themselves con- 
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tributed the major introductory chap- 
ters—that “demography is a science 
because it embodies all the essential ele- 
ments of scientific outlook and metliod.” 
But whatever controversy may develop 
here, the volume will certainly be wel- 
comed, for it constitutes the most com- 
prehensive survey of the field of demo- 
graphic study so far produced. The 
editors are to be congratulated ‘not only 
for bringing together the results of very 
substantial expertise but also for desig- 
nating the most relevant areas and the 
broad lines of approach. 

The main content of the volume is 
presented in three large sections. The 
first covers the development of demog- 
raphy in a variety of countries and in 
addition, is introduced by a very infor- 
mative general survey (by Frank Lori- 
mer) of the history of the discipline. If it 
appears a little surprising that the gen- 
eral survey ends, in effect, with World 
War II, this is because the various chap- 
ters in the second large section, which 
is focused upon the major subjects of 
demographic analysis, give the more 
recent developments in ample detail. 
From that point of view, the chapters 
on fertility, mortality, and international 
migration—to cite just a few examples 
—are model surveys. The third and final 
main section deals with the relation- 
ship between demography and other dis- 
ciplines, such as genetics, ecology, phys- 
ical anthropology, and economics. 

The book is not always easy reading; 
not even the graduate student will be 
able to use it as an intellectual “night- 
cap.” In some cases, as in the chapter 
on physical anthropology, the treatment 
is necessarily technical, while in others, 
as in the chapter on fertility, the lan- 
guage is rather opaque. What the reader 
derives from the volume will, of course, 
depend upon his particular interests: I 
found Ryder’s chapter on fertility and 
Moore’s chapter on sociology and dem- 
ography the most stimulating. But the 
symposium as a whole is very reward- 
ing. Those nonspecialists who are pre- 
pared to take the trouble will discover 
what demographers are really doing. 
And the specialists themselves will see, 
probably more clearly than ever before, 
the need for closer links with the other 
social sciences, if demography is to con- 
tinue to develop fruitfully. The Study of 
Population does far more than describe 
a discipline; it sets out the lines for fu- 
ture growth. 

D. V. Grass 
London School of Economics and 
Political Science, 
University of London 


The Road to Man. Herbert Wendt. 
Doubleday, Garden City, N.Y., 1959. 
431 pp. Illus. $5.95. 


In this successor to In Search of 
Adam, Herbert Wendt has written, to 
use his own words, not just a sober fac- 
tual account of the animal world, but a 
kind of novel of the animal world—a 
novel with many chapters, which are 
only superficially disjointed. This is a 
fair description of the book, for it takes 
up, division by division, each section of 
the animal kingdom and portrays each 
class and phylum in an informal «and 
more-or-less intimate way, so that the 
reader (who may not know much zool- 
ogy to begin with) is left with some real 
appreciation of each group as it now is 
and some understanding of how it has 
come to be. Excellent photographs 
throughout the book enhance its appear- 
ance and augment the effect. 

Much of the story may seem to be 
by-the-way, for the road to man, as 
presented here, is not a one-track drive 
toward human emergence but a broad 
adventurous journey of all animal life, 
step by step, from unicellar forms to the 
specialized, climactic remnants of each 
time and type that still survive in the 
contemporary world. The emphasis, in 
other words, is on living creatures, but 
with indication of their role in the 
scheme of things past as well as present. 
Eventually, and more from the nature 
of the evolutionary course than from any 
preoccupation with human beings on the 
part of the author, the anthropoids and 
man find their place. With the aid of ex- 
cerpts from the writings of contempo- 
rary naturalists, Wendt portrays lives 
and communities for their own sake, 
with genuine interest, whether they re- 
late to human existence or not. Both 
love and sorrow are reflected between 
the lines: a reverence for life similar to 
Schweitzer’s and an expressed grief and 
subdued anger at the impending doom 
of the world of great mammals, which 
are still to be seen on the plains of Africa 
but are unlikely to survive the present 
century. Wendt fully recognizes the as- 
cendancy of man and the dramatic na- 
ture of Man’s evolution, but at the same 
time he faces the fact that this ascend- 
ancy is bringing the age of mammals to 
an end in our own time, and that we can 
do little more than prolong the agony. 
His book is one to enjoy for its detail 
and to ponder for its theme. 

N. J. Berrity 
Department of. Zoology, 
McGill University 
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Behaviour and Physique. An introduc- 
tion to practical and applied soma- 
tometry. R. W. Parnell. Arnold, Lon- 
don, 1958 (order from Williams and 
Wilkins, Baltimore, Md.). viii + 134 
pp. $7. 


In line with the author’s emphasis, ex- 
pressed in the subtitle of his book, I shall 
limit this review to consideration of Par- 
nell’s technique for classifying body 
build. Parnell’s master is W. H. Sheldon, 
author of an influential work on human 
taxonomy [Varieties of Human Physique 
(Harper, 1940)] based on considerations 
of body shape and aimed at describing 
physiques and the possible relationship 
of body type and behavior. Sheldon’s 
“components” of physique (endomor- 
phy, mesomorphy, ectomorphy), defin- 
ing the somatotype, are complex con- 
cepts. Thus, endomorphy, a term usually 
used to describe roundness of physique 
and the capacity of the body to store 
fat, according to Sheldon’s definition 
covers a good many other morphological 
characteristics (short limbs, small hands 
and feet, chest wide at the base, head 
almost spherical, genitalia tending to be 
hypoplastic). These morphological fea- 
tures are thought to be discernible even 
when exercise, nutrition, age, or disease 
change the “padding.” 

Parnell retains the main architecture 
of Sheldon’s system but makes two im- 
portant modifications. (i) Physical an- 
thropometry is used systematically in 
conjunction with, or instead of, inspec- 
tion of standard photographs. (ii) Al- 
though Parnell undertook to approach 
closely Sheldon’s estimate of somato- 
types, he labeled the components of 
physique fat, muscularity, and linearity 
in place of Sheldon’s endomorphy, 
mesomor phy, and ectomorphy. A similar 
system of classification, differing only in 
that ratings of fat and muscularity were 
derived from photographs rather than 
from body measurements, was developed 
in the late 1940’s by E. A. Hooton and 
his associates at Harvard University. 

It is unfortunate that Parnell retains 
a definition of linearity (heir to Shel- 
don’s ectomorphy) based on the height/ 
\/weight index. This is a poor concept 
because weight includes both fat and 
muscle, and Parnell had already used 
these to define his first two components 
of physique. 

In the interest of making the body- 
build classifications for adult individuals 
of different ages comparable, the author 
provides four separate age scales for 
evaluating “total fat” (the sum of three 
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skin folds); three age scales for correct- 
ing the contribution of subcutaneous fat 
to the appraisal of muscularity; and six 
scales for determining the ponderal in- 
dex—a criterion of linearity. These age 
corrections, especially those for the fat 
component, are based on samples that 
are too small. 

Strangely enough, the principle of 
equivalent percentiles, accepted for 
identifying physiques differing on ac- 
count of age, is not applied to the dif- 
ferences associated with sex. Small won- 
der that an overwhelming majority of 
women students from the universities of 
Oxford and Birmingham turn out to be 
endomorphs—F’s (for fat) in Parnell’s 
notation! 

Joser BroZzeK 
Department of Psychology, 
Lehigh University 


Gmelins Handbuch der Anorganischen 
Chemie. System No. 5, supplement: 
Fluorine. xviii+ 258 pp. 1959. $36. 
System No. 15, part C: Silicon. xii+ 
501 pp.- 1958. $67.44. System No. 59, 
supplement 2, part D: Iron. Mag- 
netic Materials, Magnetic and Elec- 
trical Properties. xxxviii+580 pp. 
1959. $78.24. Verlag Chemie, Wein- 


heim, Germany. Illus. 


The supplementary volume on fluo- 
rine, three times the size of the main 
volume published in 1926, contains the 
information gained in this rapidly grow- 
ing field during the subsequent quarter 
of a century. The material covers the 
occurrence of fluorine; its preparation, 
physical properties, electrochemical be- 
havior, chemical reactions, toxicity, de- 
tection, and determination; and the 
compounds of fluorine with hydrogen, 
deuterium, oxygen, and nitrogen. The 
enlargement in the scope of the presen- 
tation indicates the increase in interest 
in fluorine that has occurred since 1926. 

Part C of the volume on silicon is 
devoted to the chemistry of the non- 
mineral compounds of silicon, usually 
referred to as organosilicon compounds. 
The major part of the volume contains 
information on the preparation and 
properties of silicon-hydrocarbon com- 
pounds. These are grouped as follows: 
tetraalkylsilanes, alkylhydrogensilanes, al- 
kylhalogensilanes, alkylalkoxysilanes, al- 
kylsilanoles, alkylsilicic esters, alkylsilox- 
anes, alkylthiosilanes, alkylaminosilanes, 
and alkylsilazane. More than 3000 com- 
pounds are described, either separately 


or through listing of their characteristics 
in tables. 

In addition, the subject of silicones is 
treated in detail; the discussion includes 
the more significant applications of sil- 
icone oils, pastes, greases, and resins, as 
well as the uses of silicone rubbers. 

The special volume on the magnetic 
and electrical properties of magnetic 
materials constitutes a supplement not 
only to the volume on iron but also to 
those on cobalt, nickel, manganese, and 
chromium. Since ferromagnetic mate- 
rials were covered in earlier volumes 
[Iron, part A (1934); Iron, part D, with 
supplement No. 1 (1937); Cobalt 
(1931); Platinum, part A; Gold; Alu- 
minum, part A; and Magnesium, part 
A], the supplementary volume contains 
only the data for the period subsequent 
to publication of the volumes cited. 
Twenty-six pages are devoted to iron, 
121 to alloys of iron, 11 to cobalt, 13 
to alloys of cobalt, 63 to nickel, 42 to 
alloys of nickel, 22 to alloys of manga- 
nese, two to alloys of chromium, and 
121 to ferromagnetic semiconductors. 

The volume on silicon contains a sub- 
ject index to compounds, while that on 
the magnetic materials features a 66- 
page section on patents, in addition to 
an index of alloys. Each of the volumes 
that appeared in 1959 includes a bi- 
lingual table of contents, and all three 
volumes have marginal headings in Eng- 
lish. This feature is of great help to non- 
German scientists and, in addition, sup- 
plies them with a valuable glossary. 

RaeicH Gi.cHrist 
Division of Chemistry, 
National Bureau of Standards 


The North Alaskan Eskimo. A study in 
ecology and society. Bureau of Amer- 
ican Ethnology Bulletin 171. Robert 
F. Spencer. Smithsonian Institution, 
Washington, D.C., 1959 (order from 
Government Printing Office, Wash- 
ington, D.C.). 490 pp. Illus. Paper, 
$2.50. 


This study is based upon two sum- 
mers of research at Point Barrow, 
Alaska (1952 and 1953). It is a thor- 
oughly professional and detailed ac- 
count of the customs, beliefs, and be- 
havior of the largest single group of Es- 
kimos in northern Alaska, as these were 
reconstructed through reminiscences of 
the elders in the village. 

Point Barrow became a base for 
whalers after 1850,-and thus there has 
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been very considerable alteration in the 
whole pattern of life for the native 
Eskimo during the past century. It is 
always difficult to make a valid recon- 
struction of a native culture after such 
a period of white contact, particularly 
of those beliefs and ideas which are the 
mainsprings of society as a going con- 
cern. Nevertheless, with his training and 
experience, Spencer was able to do a 
thoughtful and penetrating job. 

Earlier studies such as those of John 
Murdoch (about 1885) have empha- 
sized the material culture and arche- 
ology of the native group, as have most 
studies of the Eskimo. This report is the 
first detailed account of the social and 
intellectual culture, and for that reason 
it will be much more useful to the social 
anthropologist. There are excellent sec- 
tions on the family and kinship, and on 
the supernatural, for example. 

The report of the investigations at 
Point Barrow is supplemented by more 
general comments on North Alaska as 
a whole, and in this section Spencer 
gives a clear account of the significant 
differences in the life of inland and 
coastal Eskimos, a summary of theories 
about the history of the people, and 
some conclusions about cultural change 
resulting from the impact of white civ- 
ilization. 

The book makes good reading for any- 
one interested in the arctic, and also for 
the student of northern peoples. 

FRoELICH RAINEY 
Department of Anthropology, 
University of Pennsylvania 


Ancient Landscapes. Studies in field 
archaeology. Bell, London, 1957. xvii 
+297 pp. Illus. 84s. 


This fine volume is based on lectures 
given by Bradford at Oxford University, 
over the last 10 years, on his yearly field 
trips in Europe and the Mediterranean 
regions and on his experience as an 
Army officer working with air photog- 
raphy during World War II. Bradford 
is at present university demonstrator and 
lecturer at the Pitt Rivers Museum, 
Oxford. 

The book, which is written in a pleas- 
antly informal style, may be divided into 
two parts: chapter 1, on method, and 
chapters 2 to 5, on applications and 
results. Chapter 1 is a detailed explica- 
tion in which Bradford gives examples 
from the Old and New worlds of the 
use of air photography for archeological 
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study of various kinds of sites. Bradford 
discusses the types of evidence most 
often revealed by air photographs (soil 
marks, crop marks, shadow sites) and 
deals with the origins, significance, and 
possible pitfalls encountered in the use 
of each type of evidence. 

He also discusses the necessary photo- 
graphic apparatus itself and the actual 
taking of various kinds of archeological 
air photographs. He continually empha- 
sizes the need for a cooperative program 
that combines reconnaissance from the 
air with sondages and excavations on the 
ground. Bradford feels (and successfully 
demonstrates in this book) that air 
archeology can make valuable contribu- 
tions toward realization of the ultimate 
aim of all archeology, the reconstruction 
of societies as “going concerns”—that is, 
the presentation of a site or of a group 
of sites, or even of a region, as a func- 
tioning entity. Reconnaissance from the 
air is uniquely able to provide detailed 
topographic data towards this end. 

Chapter 2 clearly illustrates the prin- 
ciples and techniques discussed in chap- 
ter 1 through a detailed presentation of 
methods and results in a study begun in 
1945 on the Foggia Plain in Apulia, in 
southeast Italy. Bradford and his equally 
enthusiastic comrade, Peter Williams- 
Hunt, succeeded in delineating and map- 
ping a very large group of Neolithic set- 
tlements whose existence was previously 
practically unknown to Italian arche- 
ology, since “no trace of any surface 
earthworks, of bank or ditch, survived 
above ground.” 

The rest of the book (chapters 3 to 5) 
is a fascinating consideration of certain 
other kinds of “ancient landscapes,” as 
revealed by archeology from the air: 
Etrurian cemeteries in Italy; centuriated 
Roman landscapes in Europe and North 
Africa; Greek, Roman, and medieval 
towns in southern Europe, North Africa, 
and the Aegean. 

Not the least attractive feature of 
Bradford’s book is the inclusion of many 
bibliographic references to detailed arti- 
cles on various aspects of air photogra- 
phy and to key publications on the arche- 
ology of the various areas he uses as 
examples. 

In sum, Bradford’s volume is a valu- 
able addition to the literature on archeo- 
logical method, and to our knowledge of 
certain aspects of life in Neolithic, clas- 
sical, and medieval times in Europe and 
the Mediterranean world. 

Patty Jo Watson 
Department of Anthropology, 
University of Chicago 


Medicine and Anthropology. Lectures to 
the Laity, No. 21. Iago Galdston, Ed. 
International Universities Press, New 
York, 1959. 165 pp. Illus. $3. 


The six lectures in this volume consti- 
tute a series organized by the New York 
Academy of Medicine around the gen- 
eral thesis that anthropology, as “the sci- 
ence of man and his works,” can play an 
important part in helping medicine to 
recover the humanistic and _ historical 
perspectives it has left behind in its 
phenomenally rapid development as a 
discipline that is focused on the causa- 
tion, prevention, and treatment of dis- 
ease. 

The lectures by Paul Fejos, “Man, 
magic and medicine,” and by F. S. C. 
Northrop, “Cultural mentalities and 
medical science,” stress the need to un- 
derstand health and illness from the cul- 
tural standpoint of the patient if medi- 
cal practice is to be effective. Marston 
Bates’ “The ecology of health” provides 
a biological perspective for consideration 
of the relations between culture and 
health. The chapter by Alexander H. 
Leighton, “Mental illness and accultura- 
tion,” develops the theme that accultura- 
tion, when rapid and extensive, has a 
damaging effect on mental health. The 
essay by John W. Dodds, “The humanist 
looks at the doctor,” is a wise and witty 
discussion of the consequences of over- 
mechanization and narrow specialization 
in medicine; Dodds makes a plea for in- 
clusion in the medical curriculum of 
courses in social science and the humani- 
ties—if the doctor is ever to view and 
treat the patient as a whole person. The 
final chapter, by Raymond Firth, “Ac- 
culturation in relation to concepts of 
health and disease,” views medicine, in- 
cluding concepts of health and disease, 
as part of a social and cultural system 
and examines the ways in which socio- 
cultural contexts affect receptivity and 
resistance to the acculturative forces of 
Western medicine. 

Anthropologists, as well as other social 
scientists, are being called upon in in- 
creasing numbers to undertake research 
in medical fields; this book affords some 
glimpses into the contributions that have 
been made thus far. Although intended 
primarily for a lay audience, these lec- 
tures should make interesting and worth- 
while reading for physicians and social 
scientists as well. 

Ozze G. Simmons 
School of Public Health, 
Harvard University 
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The Invertebrates. vol. 5, Smaller Coelo- 
mate Groups. Chaetognatha, Hemi- 
chordata, Pogonophora, Phoronida, 
Ectoprocta, Brachiopoda, Sipunculida, 
the coelomate Bilateria. Libbie Hen- 
rietta) Hyman. McGraw-Hill, New 
York, 1959. viii + 783 pp. Illus. $13.50. 


In this volume the structure of Libbie 
Hyman’s imposing virtuoso feat takes on 
a slightly new aspect. Terminations are 
reached; the definitive scope of the work 
is delineated; advances and revisions are 
reviewed. Perhaps a new note of per- 
sonal communication is introduced in 
this volume. Those invertebrate. zoolo- 
gists who feel so deeply in debt to the 
author cannot fail to feel keen disap- 
pointment on learning of her expecta- 
tion that the Arthropoda will not be 
covered in her considerations. The testi- 
mony of substantial recognition, to- 
gether with all possible assistance in the 
furthering of the work, should be un- 
stintingly offered by her colleagues to 
encourage her in the realization of her 
project. It is a distinct pleasure, on the 
other hand, to see Libbie Hyman assume 
a very slight degree of the authority 
which is so rightfully hers, when she 
takes a few hearty pokes at zoological 
misconceptions which refuse to die. As 
always, her illustrations and her com- 
pletely lucid exposition combine to 
evoke, in a way unexcelled in the litera- 
ture, a sense of the reality of the crea- 
tures under discussion as vital organisms 
in an authentic environment. Such a 
presentation for any one phylum would 
have markedly enriched zoology. The 
compilation she has given us is unparal- 
leled. 

In chapter 18, “Phylum Pogono- 
phora,” the first presentation of a group 
of outstanding interest to students of 
the invertebrates becomes available. The 
classification and the arguments for the 
status of the group provided by Ivanov 
are accepted, but his proposal of a new 
name, Brachiata, is rejected. This chap- 
ter is further important for its closing 
section, “concluding remarks on the 
Deuterostomia.” There it is stated that 
the consideration of the enterocoelous 
coelomates is concluded. The term 
Schizocoela is replaced with the category 
protostomatous coelomates; these are in- 
troduced, in the succeeding chapters, 
with the lophophorate phyla Phoronida, 
Ectoprocta, and Brachiopoda and with 
the phylum Sipunculida. Chapter 21, 
“Brachiopoda,” concludes with a review 
of the status of the lophophorates that 
shows a still unelucidated connection be- 
tween protostomes and deuterostomes. 
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Chapter 23, “Retrospect,” recounts 
advances pertaining to groups covered in 
previous volumes, comments on view- 
points, and includes a bibliography of 
recent references. Obviously thoughtful 
considerations and reconsiderations are 
embodied in this compact presentation. 

The usual meticulous documentation 
of the treatise continues, over 40 pages 
of concise but completely informative 
bibliography being included in the vol- 
ume. 


Paut L. Ituc 
Department of Zoology, 
University of Washington 
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Advances in Enzymology and Related 
Subjects of Biochemistry. vol. 21. F. F. 
Nord, Ed. Interscience, New York, 1959. 
521 pp. $12.50. Contents: ‘Mitochon- 
drial metabolism,” W. C. Schneider; 
“Electron transport and oxidative phos- 
phorylation,” D. E. Green; “Durch 
metall-ionen katalysierte vorginge, vor- 
nehmlich im bereich der seltenen erdme- 
talle,’ V. E. Bamann and H. Trapmann; 
“Enzymic reactions in the synthesis of 
the purines,” J. M. Buchanan and S. C. 
Hartman; “The enzymic synthesis of py- 
rimidines,” P. Reichard; ‘““The biosynthe- 
sis and function of carotenoid pigments,” 
T. W. Goodwin; “Folic acid coenzymes 
and one-carbon metabolism,” F. M. 
Huennekens and M. J. Oxborn. 

Buffon. Storia naturale. Primo dis- 
corso, Sulla maniera di studiare la storia 
naturale. Secondo discorso, Storia e teoria 
della terra. A cura di Marcella Renzoni. 
Boringhieri, Turin, Italy, 1958. 581 pp. 
L. 6000. 

Breeding Field Crops. John Milton 
Poehlman. Holt, New York, 1959. 447 
pp. $8.50. 

A Brief Text in Astronomy. William T. 
Skilling and Robert S. Richardson. Holt, 
New York, rev. ed., 1959. 363 pp. $2.95. 

Brimstone. The story of the Frasch 
sulphur industry. Williams Haynes. Van 
Nostrand, Princeton, N.J., 1959. 327 pp. 
$5.95. This volume tells the story of the 
American sulphur industry from the pio- 
neering days in the swamps of Louisiana 
through the years when the industry was 
developing and up to today’s new sulphur 
recovery developments in France and 
Canada. This book is based on The Stone 
That Burns, published in 1942. 

Chemistry of Carbon Compounds. A 
modern comprehensive treatise. vol. VI, 
pt. B, Heterocyclic Compounds. E. H. 
Rodd, Ed. Elsevier, Amsterdam, Nether- 
lands, 1959 (order from Van Nostrand, 
Princeton, N.J.). 583 pp. $24. 

Children in Practice. John Peterson. 
Cambridge Univ. Press, New York, 1959. 
234 pp. $4.75. 

Cholera. WHO Monogr. No. 43. R. 
Pollitzer. World Health Organization, Ge- 
neva, 1959 (order from Columbia Univ. 
Press, New York). 1019 pp. $20. The 11 
chapters that constitute the main part of 
this book were originally published in the 





Bulletin of the World Health Organiza- 
tion. Two chapters were written in col- 
laboration with William Burrows and 
Satya Swaroop. Chapter 1 (50 pages) is 
devoted to a history of the disease. 

Creativity and Its Cultivation. Harold 
H. Anderson, Ed. Harper, New York, 
1959. 306 pp. $5. 

Current Problems in Allergy and Im- 
munology. Papers dedicated to Bela 
Schick on the occasion of his 80th birth- 
day. William Kaufman, Ed. Karger, Basel, 
Switzerland, 1959. 1016 pp. $14.40. The 
volume contains articles by 100 medical 
scientists and physicians on topics in al- 
lergy and immunology. A total of 66 pa- 
pers were contributed. A bibliography of 
Schick’s scientific papers is included. 

Discussione sulla fisica moderna. Wer- 
ner Heisenberg, Max Born, Erwin Schro- 
dinger, Pierre Auger. Edizioni Scientifiche 
Einaudi, Turin, 1959. 131 pp. L. 1200. 

Dosimetrie und Strahlenschutz. Physi- 
kalische und technische daten. R. G. 
Jaeger. Thieme, Stuttgart, Germany, 
1959 (order from Intercontinental Med- 
ical Book, New York). 294 pp. $11.80. 

Flying Saucers. A modern myth of 
things seen in the skies. C. G. Jung. 
Translated from the German by R. F. 
C. Hull. Harcourt, Brace, New York, 
1959. 186 pp. $3.95. 

Free Associations. Memories of a psy- 
choanalyst. Ernest Jones. Basic Books, 
New York, 1959. 264 pp. $5. 

Galileo Galilei. Discorsi e dimostrazi- 
oni matematiche intorno a due nuove 
scienze. A cura di Adrino Carugo e Ludo- 
vico Geymonat. Boringhieri, Turin, Italy, 
1958. 887 pp. L. 7000. 

A Guided Tour through Space and 
Time. Eva Fenyo. Prentice-Hall, Engle- 
wood Cliffs, N.J., 1959. 191 pp. $3.50. 

Industrial Microbiology. Samuel Cate 
Prescott and Cecil Gordon Dunn. Ed. 3 
revised by Cecil Gordon Dunn. McGraw- 
Hill, New York, 1959. 953 pp. $17.50. 

Information and Error. An introduc- 
tion to statistical analysis. Solomon Dia- 
mond. Basic Books, New York, 1959. 319 
pp. $5. 

Infrared Absorption Spectra Index for 
1945-1957. 126 pp. $7. This volume con- 
tains approximately 16,000 references to 
published infrared absorption spectra in 
33 American and European journals and 
in one book. These references indicate 
the journal, volume, and page where an 
actual spectrum of the compound is re- 
produced, For many compounds a num- 
ber of references will be found; for others, 
there may be only one. The literature 
from 1945 to 1957 inclusive is indexed 
and it is expected that subsequent litera- 
ture will be covered in a supplementary 
index. 

Introduction to the Laplace Transform. 
Dio L. Holl, Clair G. Maple, Bernard 
Vinograde. Appleton-Century-Crofts, New 
York, 1959, 181 pp. $4.25. 

An Introduction to Statistical Me- 
chanics. J. S. R. Chisholm and A. H. 
de Borde. Pergamon, New York, 1959. 
169 pp. $6. 

Ion Exchange. A laboratory manual. J. 
E. Salmon and D. K. Hale: Academic 
Press, New York; Butterworths, London, 
1959. 143 pp. $5. 

Labor-Management Relations. Charles 
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Wicdemann. Reinhold, New York: Chap- 
man & Hall, London, 1959. 156 pp. $3.75. 

Leonhard Euler. Lettere a una princi- 
pessa tedesca. A cura di Gianfranco Can- 
telli. Boringhieri, Turin, Italy, 1958. 960 
pp. L. 8090. 

Native Peoples of South America. 
Julian H. Steward and Louis C. Faron. 
McGraw-Hill, New York, 1959. 492 pp. 
$11.50. 

Natural Child Rearing. Eve Jones. 
Free Press, Glencoe, Ill., 1959. 288 pp. 
$4.95. 

Navaho Art and Culture. George Millis. 
Taylor Museum of the Colorado Springs 
Fine Arts Center, Colorado Springs, 1959. 
273 pp. $4.50. 

Organic Sequestering Agents. Stanley 
Chaberek and Arthur E. Martell. Wiley, 
New York; Chapman & Hall, London. 
1959. 631 pp. $25. 

Paris Symposium on Radio Astronomy. 
IAU Symp. No. 9, URSI Symp. No. 1. 
Ronald N. Bracewell, Ed. Stanford Univ. 
Press, Stanford, Calif., 1959. 624 pp. $15. 
This volume contains the research papers 
presented at the Paris symposium, 1958. 
It also contains a number of detailed sum- 
maries of the background and current 
state of major fields of radio astronomy 
and a report of discussions at the sym- 
posium. The main topics covered are 
moon reflection, radio emission from 
Jupiter and other planets and from the 
quiet and active sun, radio studies of the 
discrete radio sources (radio stars), radio 
evidence on the large-scale structure of 


Magnetic Damping of Rotation 
of Satellite 195862 


Abstract. From over 200 observations 
of the decreasing spin rate of Vanguard 
I made during the year since its launch- 
ing, eddy-current induction theory yields 
0.115 +0.001 gauss as the mean magnetic 
field normal to the spin axis of the satel- 
lite. This measured value agrees with that 
deduced from Bauer’s model of the earth’s 
dipole field. 

The theory of the exponential decay 
of rotation of all celestial bodies due to 
magnetic induction of electric currents 
in them may now be demonstrated (J) 
experimentally with artificial satellites. 
Vanguard I (195882) has been tracked 
for a year by the Minitrack Branch of 
Project Vanguard, by radio signals from 
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our own galaxies, cosmology, and mecha- 
nisms by which solar and cosmic radio 
waves are generated. 

The Principles of Humane Experi- 
mental Technique. W. M. S. Russell and 
R. L. Burch. Methuen, London, 1959. 
252 pp. 30s. 

Principles of Organic Chemistry. T. A. 
Geissman. Freeman, San Francisco, Calif., 
1959. 643 pp. $7. 

The Process of Aging in the Nervous 
System. James E. Birren and William F. 
Windle, Eds. Thomas, Springfield, II1., 
1959. 236 pp. $7. 

Production of Isotopes. A portion of 
the proceedings of the all-union scientific 
and technical conference on the Applica- 
tion of Radioactive Isotopes, Moscow, 
1957. English translation. Consultants 
Bureau, New York, 1959. 139 pp. $50. 

Psychology and Human Performance. 
An introduction to psychology. Robert M. 
Gagne and Edwin A. Fleishman. Holt, 
New York, 1959. 501 pp. $7.25. 

Recent Research in Molecular Beams. 
A collection of papers dedicated to Otto 
Stern. Immanuel Estermann. Academic 
Press, New York, 1959. 198 pp. $6.50. 

River Pollution. vol. 1, Chemical 
Analysis. Louis Klein. Academic Press; 
New York; Butterworth, London, 1959. 
216 pp. $6. 

The Rocket Handbook for Amateurs. 
An illustrated guide to the safe construc- 
tion, testing, and launching of model 
rockets. Charles M. Parkin, Jr. Day, New 
York, 1959. 306 pp. $5.95. 


Reports 


dipole antennas on the satellite. The sig- 
nals are at maximum intensity for the 
antenna axis perpendicular to the line 
of sight. The time rate of this intensity 
variation, as a means for measuring the 
spin rate of the satellite, has been regu- 
larly deduced from station passage traces 
and tabulated for over 200 dates during 
the year since launching. Ten-day means 
of these spin rates, plotted in Fig. 1 on 
a logarithmic scale against the date, 
closely follow a straight line for which 
the relaxation time (that is, a reduction 
factor of 1/2.718) is 210+3 days, from 
four determinations. Since the rotation 
rate ® was 2.72 rotations per second on 
Julian Date 2,436,280 (T,), the empir- 
ical equation generally representing it is: 


= 2.72¢7(T-280)/210 (1) 


The Science of Biology. Paul B. Weisz. 
McGraw-Hill, New York, 1959. 810 pp. 
$7.95. 

Scientific Russian. George E. Con- 
doyannis. Wiley, New York; Chapman & 
Hall, London, 1959. 237 pp. $3.50. 

Six Allies and a Neutral. A study of 
the international outlooks of political 
leaders in the United States, Britain, 
France, West Germany, Italy, Japan, and 
India. Lloyd A. Free. Free Press, Glencoe, 
Ill., 1959. 223 pp. $5. 

Source Book of Industrial Solvents. vol. 
III, Monohydric Alcohols. Ibert Mellan. 
Reinhold, New York; Chapman & Hall, 
London, 1959. 282 pp. $10. 

The Soviet Citizen. Daily life in a 
totalitarian society. Alex Inkeles and 
Raymond A. Bauer. Harvard University 
Press, Cambridge, Mass., 1959. 553 pp. 
$10. 

Substitution at Elements Other than 
Carbon. Fifth Weizmann Memorial Lec- 
ture Series, May 1958. C. K. Ingold. 
Weizmann Science Press, Jerusalem, Is- 
rael, 1959. 52 pp. 

Techniques of Polymer Characteriza- 
tion. P. W. Allen, Ed. Academic Press, 
New York; Butterworths, London, 1959. 
270 pp. $9.50. 

Words of Science and the History be- 
hind Them. Isaac Asimov. Houghton 
Mifflin, Boston, Mass., 1959. 266 pp. $5. 

The World’s Metropolitan Areas. In- 
ternational Urban Research Institute of 
International Studies, Univ. of California 
Press, Berkeley, 1959. 125 pp. $3. 


rotations per second for T=(J.D., 
2,436,000) days. For the theoretical dis- 
cussion below, it is convenient to use the 
equivalent form, with t (=86400 T) in 
seconds: 

= 2,72¢~ EXE -F) (1a) 
rotations per second. 

Now the general equation of rota- 
tional motion of any body about an axis 
having moment of inertia J, under a 
damping couple C, is: 

W = Woe" C(t -to Tw (2) 
Since, for Vanguard I, the moment of 
inertia J about the spin axis was meas- 
ured before launching as 67,885 g-cm?, 
Eqs. 2 and la show its observed total 
damping coefficient to be: 


C/w = 67885 x 5.51 x 10°* g-cm*/sec 
= 0.00374046 g-cm*/sec (3) 


We assume practically all this quantity 
to be due to magnetic damping couple 
on the satellite, since, at its range of 
height, other possible factors, such as 
aerodynamic drag on the antennas, 
would be relatively negligible. For Van- 
guard I, its almost continuous and com- 
plete spherical shell, 8.13 cm in radius, 
of aluminum alloyed with 2.5 percent 
magnesium and 0.25 percent chromium 
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0.081 cm thick, would be expected to 
be a major source of magnetic damping 
from induced currents. For any thin shell 
of radius r and thickness Ar, having con- 
ductivity 6, the damping couple due to 
a mean field H, perpendicular to the 
spin-axis, and magnetic permeability u 
is given by: 


Co | 2onr‘Ary?H * 
Opes 





(4) 


For all light materials here involved u 
is unity to four figures and, for this com- 
mercial alloy, the volume resistivity 1/o 
is given as 5200 electromagnetic units 
(c.g.s. system) at 40°C (no thermal co- 
efficient given; estimated as 0.003 per 
degree centrigrade) (2). 

The other sources of magnetic damp- 
ing in this satellite are several small 
cylindrical shells: (i) seven battery cans 
of cold-rolled nickel-plated steel for 
which » = 100 and 1/o=78 may be esti- 
mated (3), and three instrument pack- 
ages of aluminum, all of which rotate 
about their axes of symmetry, and (ii) 
six antennas and six antenna cups which 
may be considered to rotate chiefly 
about axes having a mean angle 
sin (2/x) to the perpendicular to their 
axes of symmetry. The couple for the 
first group is given by: 
f-— ax + ea — 
4 Vh?-4r 


ee me 
X tan Vist] (5) 


where A is the height of the cylinder. 
For the battery cans, which are most im- 
portant because of their magnetism, 
r=0.79 cm, h=4.96 cm, and Ar = 0.0254 
cm. 

For the second group of cylinders: 





Ci as | 
ie 20w°H *h*r 








Co _ aFy 2,3 h llr " 
“ = on" Pr [fee |o (6) 
Using the known dimensions involved 
in Vanguard I, it may be estimated that 
the couples given by Eqs. 5 and 6 amount 
to about that due to the spherical shell, 
or 


Cir2c. © 4onr*AnweH * 


o o 3 


= 0.00374046 (7) 
sec 


where H, is the only environmental 
quantity external to the satellite. A con- 
venient quantity to describe the satellite 
itself would appear from Eqs. 2 and 7 
to be: 


Top®H 2/C = K (8) 


which might be named the “satellite 
damping constant.” For Vanguard I the 
above theoretical derivation gives K= 
238,200 sec-gauss?= 2.757 day-gauss?, 
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OBSERVED SPIN-RATE VS TIME FOR SATELLITE 1958 BETA 2 (VANGUARD L) 
(STRAIGHT LINE REPRESENTS EXPONENTIAL DECAY WITH RELAXATION TIME OF 210 DAYS) 


LATITUDE OF PERIGEE 


o° 


w (ROTATIONS PER SECOND) 


d.D. 280 320 360 400 440 


(MAR 18,1958) 


t (JULIAN DATE) 





480 520 560 600 J.D.640 
(MAR 13,1959) 


Fig. 1. Observed spin rate versus time for satellite 195882 (Vanguard I). The straight 
line represents exponential decay with a relaxation time of 210 days. 


which could be checked experimentally 
by spinning the satellite in a known mag- 
netic field in the laboratory. 

Equation 7 may be solved directly, 
using r=8.13 cm, Ar=0.081 cm, 1/o= 
5200, and u=1, for the mean effective 
environmental magnetic field of Van- 
guard I in its orbit: 


H.=\/(Avsina 


+ 


a.)?+ (Hu sin 6)? 
=0.115+0,001 gauss (9) 


The probable error corresponds only to 
that of the measured relaxation time, 
210+3 days; it would be increased by 
the probable error of the satellite damp- 
ing constant. Also, 


H=\/H-+ Aut 
is the mean total scalar field, for which 
the mean vertical and horizontal com- 
ponents, H,, and Hy bear angles a and @ 
to the spin-axis such that their mean 





sines are sin a and sin 8, respectively. 

It will be of interest to estimate these 
components so as to compare the total 
field with that indicated from geomag- 
netic ground surveys. For simplification 
of this discussion it will be assumed that 
the satellite is in its original orbit of 
eccentricity 0.19 having a geographical 
inclination of 34°, where the spin axis 
is tangent to the orbit in its plane at the 
perigee point, which is at a geographi- 
cal latitude of about 22°N. 

Obviously, the vertical component of 
the earth’s magnetic field will always 
be approximately radial in the orbit 


plane. For the moderate eccentricity the 
mean value of its effective projection 
will differ little from that for a circle, 
i.e., sin a= 2/x=0.637. 

The effective projection of the hori- 
zontal component is more complicated. 
We have for 9, the angle between the 
satellite axis and the meridian at any 
point of the orbit: 





cos 9=cos M cos A (10) 


where M is the mean anomaly at the 
point and A the azimuth of the orbital 
tangent. By spherical trigonometric re- 
lations A may be expressed in terms of 
M and the orbital inclination i, giving 
the exact relation: 


cos M 
cos 9=T7Ty cot i sec*(40° — M) 





(11) 





The mean of this function may be esti- 
mated by numerical integration as 
cos 8 = 0.338, for which sin = 0.941. 

The magnetic dipole field of the earth 
is represented by the equations (4) : 


Hu=H, cos $m (12a) 
H,= aie sin Pm (12b) 
where ¢,, is the magnetic latitude for a 
dipole inclined 11.5° to the geographic 


axis, and H, has a mean value at the 
earth’s surface given by Bauer (5) as 


H, = 0.3109 — 0.0002(t — 1922) ae 


For the Vanguard I orbit the range in 
magnetic latitude would be to about 
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45°, so the mean ground components 
and total field for t= 1958 would be: 


PA 
Fin = 0.304(4/n) f oe 


= 0.274 gauss 
Xt 


Bs ONE tae - 


= 0.227 gauss (14) 
H. = \/Hu? + Hy? = 0.356 gauss 


The mean field H varies as the in- 
verse cube of geocentric distance, which, 
for the present satellite, ranges between 
1.10 and 1.62 earth radii. Using as first 
approximation to its orbit 


r=a(l1—ecosM) 


where a=1.36 earth radii, e=0.19, 
and M is the mean anomaly of the 
satellite, the time mean field, accord- 
ing to Bauer’s theory, surrounding Van- 
guard I is: 


x 
— dM 
H = (0.356/2.522) f (1—0.19 cos M)* 


=0.142 gauss (15) 


evaluated by numerical integration. 

Now, to obtain for comparison the 
total mean field implied by the meas- 
ured effective field of Eq. 9, we assume 
the mean ratio (invariant with radius 
in a dipole field) : 


Hy/Hu = 227/274 = 0.8286 (16) 


given by Bauer’s theory. Solving Eq. 9 
approximately for the mean total field 
gives: 





ae 1 + (0.8286)° 
i=H,,| J) an (17) 
(0.8286 )? sin? a+ sin? 6 


where, inserting the values found above, 


sin &=0.637, sin 6=0.941, and H, = 
0.115 + 0.001 gauss, we find: 











H=0.138+0.001 gauss (18) 


as the mean total field implied by rota- 
tional damping. The agreement with the 
theoretical value given by Eq. 15 is satis- 
factory. 

Perturbations in the mean effective 
couple on Vanguard I are to be expected 
to result from the regression of orbital 
nodes (3.019° per day), the advance of 
perigee (4.408° per day), the space- 
wandering of the spin axis, and the tem- 
perature variation of satellite resistivity. 
There seems to be perceptible evidence 
of such perturbations in the slightly 
wavy track of the radio-observed points 
in Fig. 1, but a precise study of such 
small effects would seem to await (i) 
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frequent optical observation of reflec- 
tions from some more efficiently de- 
signed satellite shape, such as a specular 
polyhedron (6), (ii) axis-orientation 
data, and (iii), experimental determina- 
tion of satellite electrical and magnetic 
properties. The optical spin rate for 
Vanguard I on 10 January 1959 of 0.673 
rotations per second, obtained from a 
Smithsonian Astrophysical Observatory 
photograph (7), which fits closely to the 
empirical curve of Fig. 1, would seem 
to be a first step toward more precise 
rotational studies. 

Raymonp H. Witson, Jr. 
Goddard Space Flight Center, National 
Aeronautics and Space Administration, 
Washington, D.C. 
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Simplified Way to Cultivate 
Chick Kidney Cells and Maintain 
the Culture without Serum 


Abstract. Chick kidney fragments were 
easily dispersed after incubation in tryp- 
sin solution for 1 hour at room tempera- 
ture. The centrifuged cells were resus- 
pended in Melnick’s growth medium, 
diluted to 100 ml for each pair of kid- 
neys, and seeded at 1 ml per tube. The 
cultures were maintained for 7 days or 
longer in the medium modified by re- 
placing the serum with tryptose. 


The methods of preparing cell suspen- 
sions by means of treating minced tissue 
with 0.25-percent trypsin solution re- 
ported by Youngner (1) and Bodian 
(2) required the use of a magnetic stirrer 
and took considerable time. In the 
course of a study of propagating avian 
viruses in chick kidney cell culture, a 
simplified technique for the preparation 
of the culture was sought (3). It was 
felt that, in order to avoid virus inhibi- 
tors or specific antibodies in animal 
serum in the culture system, develop- 
ment of a nonserum-containing main- 
tenance medium which would maintain 
the culture for a period of a week would 
be desirable. 

The cell culture was prepared from 
the kidneys of 1-week-old chicks. Kid- 
ney fragments were incubated at room 
temperature for 1 hour in 0.25-percent 
trypsin solution, prewarmed to room 
temperature, 10 ml being used for each 
pair of kidneys. The mixture was shaken 


vigorously by hand for 3 to 5 minutes 
until the pink tissue fragments disap- 
peared. After the cell suspension had 
been centrifuged at 800 rev/min for 10 
minutes, the sediment was resuspended 
in growth medium and filtered through 
four layers of gauze. The filtrate was 
further diluted with medium to a total 
volume of 100 ml for each pair of kid- 
neys used. One milliliter of the cell sus- 
pension was seeded into each tube. A 
dense, full, cell sheet developed in 5 
days. Melnick’s growth medium was 
used; it contained 0.5 percent lactal- 
bumin hydrolyzate (4), 10 percent calf 
serum, and 100 units of penicillin, 100 
ug of streptomycin, and 100 units of 
mycostatin, respectively, per milliliter, 
in Hanks’ (5) salt solution. 

The culture was changed to mainte- 
nance medium as soon as a full cell 
sheet formed. The maintenance medium 
contained 0.5 percent lactalbumin hy- 
drolyzate, 0.5 percent tryptose (Difco), 
and antibiotics, in Hanks’ salt solution 
with 0.07 percent sodium bicarbonate. 
The culture remained in good con- 
dition for 7 days or longer. This main- 
tenance medium has been used with 
satisfactory results for avian encephalo- 
myelitis virus titration and neutraliza- 
tion tests which usually require 5 to 7 
days’ incubation. 

J. Hwanc 

R. E. Lucinsuni 

E. L. JUNGHERR 
Department of Animal Diseases, 
University of Connecticut, Storrs 
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A Nomenclature for 
Conformations of Pyranoid 
Sugars and Derivatives 


Abstract. A system is presented for des- 
ignating, with symbols, all chair and boat 
conformations of all pyranoid sugars and 
derivatives. For chairs, these symbols are 
CA and CE: for boats: B,A, B,E, BA. 
BE, B;A, and B;E. Symbols A and E de- 
scribe an axial or equatorial “glycosidic” 
group of the a@-anomers (p and t series). 


A recent note by Guthrie (1) on a sys- 
tem of nomenclature for sugar conform- 
ers prompts us to describe one that we 
have devised. The two systems are much 
alike, but ours appears to be more con- 
cise. Features common to the two are: 
(i) use of carbon atom 1 as the point of 
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Fig. 1. Some conformations of pyranoid 
sugars. 


reference and (ii) specification of con- 
formations in terms which refer to the a- 
anomers only. Both systems are, we be- 
lieve, preferable to two previously sug- 
gested (2, 3). By Reeves’ system (2), 
enantiomorphs received different sym- 
bols. This situation was avoided by Isbell 
(3), but his system applies only to chair 
forms of aldohexopyranoses, ketohepto- 
pyranoses, and the higher sugars. 

In our system, a symbol describing the 
kind of pyranoid ring is used; thus, C de- 
notes the chair, and B,, B,, and B, spec- 
ify the three boats (4). If the reference 
group (5) at carbon atom 1 of the a- 
anomer (D or L series) is axial, the sym- 
bol A is added to the ring symbol; if the 
reference group is equatorial, the symbol 
E is added. Thus, eight symbols (CA, 
B,A, B,A, B,A, CE, B,E, B,E, and B;E) 
are obtained which, appended to the sys- 
tematic names, unambiguously describe 
all the chair and boat conformations of 
all the pyranoid sugars and their deriva- 
tives (6). 


Table 1. Names of conformations of pyra- 
noid sugars IV, V, and VI by the previous 
and the present systems. 





For- N Refer- 
mula eee ence 
IV a-p-Glucose-Cl (2) 
a-D-Glucose-C’1 (3) 
a(Ca)-p-Glucose 
[a(Ca) conformation] (1) 
a-D-Glucose-CA 
V_ 6-p-Altrose-1C (2) 
B-p-Altrose-C’2 (3) 
6 (Ca) -p-Altrose [a (Ce) 
conformation] (1) 
B-p-Altrose-CE * 
VI 6-p-Mannose-3B (2) 
(3) 
6 (Bsa) -p-Mannose 
[a(Bse) conformation] 1 


B-p-Mannose-B;E * 





* Present authors. 
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The compounds having formulas I, IT, 
and III are thus named a-p-galactopy- 
ranose-CA, a-.-galactopyranose-C'A, and 
a-L-arabinopyranose-CA (Fig. 1). Table 
1 gives the names for compounds IV, V, 
and VI by the previous systems and the 
present one (7). 

Horace S. IsBeti 

R. Stuart Tirson 
Organic Chemistry Section, Division of 
Chemistry, National Burcau of Standards, 
Washington 25, D.C. 
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1 (the “glycosidic” or anomeric carbon atom) 
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hydrogen atom, or any group other than an 
alkyl or polyhydroxyalkyl (including hydroxy- 
methyl) group. 

6. This system is applicable, in conjunction with 
suitable symbols for the respective rings, to 

all pyranoid conformations having an axial- 

equatorial arrangement of exocyclic bonds at 

carbon atom 1. 

For added clarity, the appropriate symbol (a 

or e) may, if desired, be inserted in paren- 

theses after the anomeric symbol. Thus, II is 
a(a)-L-galactopyranose-CA; V is B(a)-p-altro- 
pyranose-CE; and VI is §(a)-p-mannopyra- 
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Intracistron Recombination in 


the Wx/wx Region in Maize 


Abstract. Five independently occurring 
waxy (wx) mutants produce low frequen- 
cies of standard type (Wx) pollen grains 
(0.3 to 3.8x 10°). In crosses between 
these mutants, frequencies of Wx pollen 
grains range from 1.4 to 88x 10°, de- 
pending on the cross. Data from the 
crosses allow the ordering of the mutants 
within the region. Functional complemen- 
tation between the different mutants does 
not occur. 


Genetic resolution can be enhanced 
greatly by using microorganisms and se- 
lective techniques for the detection of 
recombinants. The results obtained by 
Benzer with phage (1) and Pritchard 
with Aspergillus (2) have profound ge- 
netic implications, pointing as they do 
to the delineation of different muta- 
tional sites within a single functional 
region. Pontecorvo (3) has discussed the 
impact of these findings on modern ge- 
netical theory. It would be most desir- 
able to be able to make similar studies 
in higher organisms, but it is difficult to 
handle populations of sufficient size to 
do more than hint at the existence of 
such a phenomenon. 

A system in maize has been described 





(4) which makes it possible to deal easily 
with numbers giving a resolving power 
comparable to that obtained with some 
microorganisms. The technique uses the 
haploid pollen grain as the unit of ob- 
servation and relies on the fact that the 
staining reaction of a pollen grain with 
a KI and I, solution depends on its geno- 
type at the Wx/wx region. The standard 
type (Wx) pollen grains stain black, 
owing to the presence of amylose with 
amylopectin in the starch granules. The 
waxy mutant (wx) pollen grains, which 
contain only amylopectin, stain light 
brown. Thus the millions of microspores 
produced by a maize plant are available 
for analysis. Standard preparations con- 
taining about 50,000 pollen grains can be 
made and scored within a relatively 
short time. 

If two independently occurring wx 
mutants are crossed, recombination may 
be detected in the pollen grains pro- 
duced by the F, cross between the two 
mutants. One product of recombination 
would be a functional (Wx) region, and 
pollen grains carrying such regions would 
stain black in contrast to the brown-stain- 
ing pollen grains of either of the parental 
types. Then, if the frequency of black- 
staining (Wx) pollen grains in the popu- 
lation from an F, cross between two mu- 
tants is significantly higher than the 
frequency in either parental stock this 
would indicate that the two mutations 
occupy different sites within the region. 

To make such tests, five independently 
occurring, spontaneous wx mutants were 
crossed in all possible combinations (5). 
These mutants were a, B, C, H21, and 
90. All occurred in stocks of different ge- 
netic background. Only the a mutant al- 
lows the formation of measurable quanti- 
ties of amylose. Plants homozygous for a 
have 2 to 5 percent amylose in the starch 
of the endosperm, in contrast to Wx/Wx 
plants, which have about 25 percent 
amylose. Tassel samples were collected 
just before pollen shedding and stored 
in 70-percent alcohol. Subsequently, each 
type was scored for the frequency of 
black-staining (Wx) pollen grains. The 
plants sampled were grown in the field 
in 1958, except for the a crosses, which 
were grown in 1957. The results are pre- 
sented in Table 1. 

Table 1 shows that for the parental 
stocks there are low but measurable fre- 
quencies of Wx pollen grains. The figure 
for any mutant would include back-mu- 
tations, suppressor mutations, and con- 
tamination arising from a wind-blown 
pollen grain lodging in one of the glumes 
to be sampled. For the crosses it may be 
seen that the frequencies range from no 
higher than the parental stocks to many- 
fold higher. 

The data in Table 1 are derived from 
preparations in which 24 anthers (three 
anthers from each of eight glumes) were 
combined. For most crosses with a high 
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Fig. 1. Preliminary map of the Wx/wx 
locus constructed from the data in Table 
1. The value for any cross is corrected for 
the frequency of Wx microspores appear- 
ing in the parental stocks and doubled 
for the purpose of map construction. 


incidence of Wx pollen grains, a large 
number of single anther preparations 
have been scored. In each instance, the 
distribution of numbers of Wx pollen 
grains per anther showed good agree- 
ment with a Poisson distribution. There 
was no indication of bursts of Wx pollen 
grains in a particular anther, or glume, 
or tassel sector, such as might result from 
somatic crossing-over or premeiotic mu- 
tation. 

Where more than one cross between 
two mutants was made, the progeny from 
each cross was sampled. In each cross, 
there was good agreement between the 
different progenies. In some cases, re- 
ciprocal crosses were available. The data 
again showed good agreement. 

A small population (nine plants) from 


Table 1. Estimates of incidences of Wx 
microspores in the mutant strains and in 
the crosses between them. The means 
shown in column 3 have been calculated 
from preparations each containing about 
50 x 10* pollen grains. 








Estimated 
No. of 
‘ microspores x No. Wx 
Strain sampled x 10% +sx 
(in 
thousands) 

a 522 1.4+0.4 
B 472 3.8 + 1.2 
C 444 0.7 + 0.4 
H21 559 2.7+0.8 
90 353 0.3 + 0.4 
H21xB 987 4 pe ay 
H21x 90 1168 $1.822:7 
Cx H21 1218 46.0 + 2.7 
90xB 717 1.4+0.6 
90xC 596 88.0 + 5.7 
CxB 1077 29.5+2.9 
Rec: CxC (6) . 252 1.3 +0.9 
Cxa 575 5.5+0.9 
ax H21 533 13.6 +1.9 
ax 90 646 0.9+0.5 
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the backcross progeny (90x C) xC has 
been sampled in 1959 in the greenhouse. 
Five of the plants had frequencies of 
Wx pollen grains which were no higher 
than the parental stocks. Four plants had 
high frequencies of Wx pollen grains, 
with a mean of 63 x 10-5. Under green- 
house conditions, the F, plants (90 x C) 
had 75 x 105 Wx pollen grains. Such a 
segregation into approximately equal 
numbers of plants with high and low 
frequencies of Wx pollen grains would be 
expected if heterozygosity at the Wx/wx 
region were a prerequisite for the ap- 
pearance of high frequencies of Wx pol- 
len grains. 

Considering the above data, one is 
forced to conclude that each mutant 
tested differs from every other mutant 
and that there is a characteristic, repro- 
ducible frequency of Wx pollen grains 
for the cross between any two wx mu- 
tants. Heterosis, per se, cannot account 
for the Wx microspores, as witness the 
frequencies in 90xB and Rec. Cx 
C (6). A logical corollary of these con- 
clusions is that the Wx pollen grains 
arising in the crosses are the result of 
recombination within the waxy region. 
If so, it should be possible to establish a 
linear order for the mutants within the 
region. This can be done, since only one 
arrangement will satisfy the data. This 
arrangement is given in Fig. 1. It is 
necessary to assume that two mutants, 
B and a, occupy considerable portions 
of the region. Note further that the ad- 
ditivity of distances is not good. This 
may be a consequence of the occurrence 
of these five mutants in quite different 
genetic backgrounds. To investigate ge- 
netic fine structure it would seem essen- 
tial that the mutants be induced in the 
same strain. This is now being attempted. 

The size which it is necessary to as- 
sume for mutants B and a may also be a 
consequence of the heterogeneous back- 
grounds for the mutants. Alternatively, it 
may be real. One possibility for B is a 
deficiency of the genetic material for the 
area which the mutant is indicated as oc- 
cupying. For a this is less probable, since 
a is a functionally intermediate allele 
allowing the synthesis of 10 to 20 per- 
cent of the amount of amylose found in 
Wx starch. If the genesis of a mutant 
were functional region plus “gene-con- 
trolling element” within the region, as 
McClintock (7) has shown to be possi- 
ble, then the mutant would appear as a 
block in studies of this type, assuming 
that recombination to reconstitute a 
functional region would have to take 
place outside the area of the “gene-con- 
trolling element.” A waxy mutant which 
is known to have had such an origin is 
being studied presently. 

The Wx/wx region also governs the 
type of starch produced in the triploid 
cells of the endosperm. If functional 
complementation occurs, it should be de- 


tected in the endosperm of seeds pro- 
duced by a cross of two mutants. Anal- 
yses (8) of amylose in the crosses do not 
reveal large increases over the mutant 
stocks. Therefore the mutants would ap- 
pear to be located in a single cistron 
(946). 

Ottver E. NEtson 
Department of Botany and Plant 
Pathology, Purdue University, 
Lafayette, Indiana 
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Time-Lapse Motion Picture 
Technique Applied to the Study 
of Geological Processes 


Abstract. Light-weight, battery-operated 
timers were built and coupled to 16-mm 
motion-picture cameras having apertures 
controlled by photoelectric cells. The 
cameras were placed adjacent to Emmons 
Glacier on Mount Rainier. The film ob- 
tained confirms the view that exterior 
time-lapse photography can be applied to 
the study of slow-acting geologic processes. 

The usefulness of time-lapse motion- 
picture photography for certain purposes 
is well known. For the most part the 
technique has been restricted to interior 
installations with controlled light facili- 
ties. Recent developments in photo- 
graphic equipment have made possible 
the application of fully automatic time- 
lapse photography in natural settings. 

A 16-mm motion-picture camera that 
has automatic aperture control coupled 
to a photoelectric cell appeared on the 
market in 1957. With the addition of 
timing and shutter-tripping mechanisms, 
such a camera can take single-frame ex- 
posures at regular preselected intervals 
over long periods. The possibility that 
such equipment might be installed in 
remote areas without requiring contin- 
ual care suggested that the time-lapse 
technique might be adapted for use in 
the study of extremely slow-acting geo- 
logic processes. In order to determine 
the usefulness of this equipment in such 
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Fig. 1. 
showing (a) clock and timing cam, (b) 
electric motor, (¢) gear reduction case, 
and (d) shutter tripping and reset cams. 


Camera and timing mechanism 


a study, the U.S. Geological Survey ob- 
tained two such cameras and coupled 
them to battery-operated timing devices 
designed and constructed by Ernest Par- 
shall of the Geological Survey. Each of 
these devices is operated by a small elec- 
tric motor that rotates a cam, which in 
turn trips the shutter mechanism of the 
camera (Fig. 1) once every 15 minutes. 
The timing cam on the clock can be 
changed easily, and the present range of 
the interval cam is from 2 minutes to 1 
hour. Slight modification of the reset 
cams could increase the interval to one 
frame every 24 hours. 

We decided to apply the technique to 
a study of glacier motion. Emmons Gla- 


Fig. 2. Camera shelters and front of Emmons Glacier. 


cier in Mount Rainier National Park, 
Washington, was chosen because of its 
accessibility and because it is known that 
some glaciers on Mount Rainier have 
been advancing since 1946. 

The objectives of the initial study 
were to photograph the forward move- 
ment of a glacier terminus and the abla- 
tion of the glacier, together with the re- 
sulting movement and accumulation of 
debris on and in the ice. 

On 21 June 1958, members of the 
Geological Survey and personnel of the 
National Park Service under the super- 
vision of Vernon R. Bender, park natu- 
ralist, back-packed the disassembled 
shelters and cameras to sites adjacent 
to Emmons Glacier. Mark M. Meier, of 
the Geological Survey, surveyed the front 
of the glacier at the time the cameras 
were installed and erected control stakes 
for precise measurements of glacier 
movement. One camera was placed on 
debris-covered stagnant ice, to one side 
and about 1% mile away from the ter- 
minus of the glacier. The site was aban- 
doned for reasons of safety on 16 Au- 
gust, because of excessive melting of the 
stagnant ice during the summer. The 
other camera was installed on debris- 
covered stagnant ice about 300 feet in 
front of the glacier (Fig. 2) and was not 
removed until 9 October. During the 
summer the cameras and timers were 
serviced once every 10 days by Park 
Service personnel. 
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The results of the first season’s opera- 
tion were disappointing, owing to me- 
chanical breakdowns of the shutter 
mechanisms of both cameras and to fail- 
ure of one electric motor. Unseasonably 
warm weather, moreover, resulted in less 
forward movement of the glacier than 
had been anticipated. The film obtained 
does confirm the view that exterior time- 
lapse photography can be applied to the 
study of glacier motion, but the results 
of the summer’s study are incomplete. 
After modifications had been made in the 
timing mechanisms and in the construc- 
tion of light, easily portable shelters, the 
cameras were reinstalled in new locations 
near Nisqually Glacier on Mount 
Rainier in June 1959 (/). 

Rosert D. MILLER 
Dwicut R. CrRANDELL 
U.S. Geological Survey, 
Denver, Colorado 


Notes 
1. Publication of this report was authorized by 
the director of the U.S. Geological Survey. 
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Mammalian Cytochrome b 


Abstract. Digestion of a preparation of 
cytochromes b and ¢; with pancreatic pro- 
tease followed by ammonium sulfate pre- 
cipitation resulted in a soluble cytochrome 
b uncontaminated by cytochrome ¢:. This 
preparation, which was free of succinic 
dehydrogenase and cytochrome oxidase 
activity, had an estimated AEFicm?%/™! of 
102 for its alpha-peak. In the reduced 
form absorption maxima were found at 
560 to 562, 530 to 532, and 427 to 428 
muy, and in the oxidized form, at 413 mu. 


Since 1948, when Wainio and his co- 
workers (1) first reported on the use of 
4-percent sodium deoxycholate to solu- 
bilize cytochrome b from mammalian 
heart muscle, there have been several at- 
tempts to purify this material. By lower- 
ing the deoxycholate concentration, 
Eichel et al. (2) were successful in re- 
moving most of the cytochrome oxidase 
contaminant and characterizing the cyto- 
chrome b spectrum. The major absorp- 
tion maxima in the reduced form were 
demonstrated at 560, 530, and 428 mu, 
and in the oxidized form, at 414 mu. 
In 1954 Hubscher, Kiese, and Nicolas 
(3) reported on a soluble preparation of 
cytochrome 6b, showing reduced absorp- 
tion maxima at 564, 530, and 431 mu. 
However, this material contained a con- 
taminating component absorbing at 554, 
525, and 418 mu which these investiga- 
tors considered a denaturation product 
of cytochrome b but which is now recog- 
nized as cytochrome c,. In addition, 
considerable succinic dehydrogenase ac- 
tivity was present. Widmer, Clark, Neu- 
feld, and Stotz (4) purified cytochrome 
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b by fractionation with sodium cholate 
and subsequent ammonium sulfate pre- 
cipitation. This preparation also con- 
tained succinic dehydrogenase activity 
and a 554 contaminant. More recently, 
in 1956, Sekuzu and Okunuki (5) re- 
ported on the preparation of a “crystal- 
line” cytochrome b from ox heart mus- 
cle. However, little information was pre- 
sented on the preparation and properties 
of this material, and inspection of the 
gamma band of the dithionite-reduced 
spectrum indicates some absorption in 
the 418-to-420 mu region. 

In our attempts to isolate and purify 
cytochrome 6 free of any spectral con- 
taminant and extraneous catalytic activ- 
ity, use was made of the finding of 
Wainio, Eichel, and Cooperstein (6) 
that the component which most rapidly 
sedimented in the ultracentrifuge was 
cytochrome b. It was felt that this might 
be a useful technique for removing con- 
taminating components. 

Preparations of cytochrome b, made 
by the method of Bernstein and Wainio 
(7) from successive extractions of an 














insoluble preparation of beef heart mus- 
cle with sodium deoxycholate, were cen- 
trifuged at 168,380g in the “C” rotor of 
the Spinco analytical ultracentrifuge for 
4 hours. A red gelatinous pellet was ob- 
tained which contained most of the cy- 
tochrome b component of the original 
fraction as assayed spectrally before and 
after centrifugation. This red pellet was 
solubilized by digestion with phospho- 
lipase A (8), and a red precipitate was 
obtained after ammonium sulfate pre- 
cipitation at approximately 30-percent 
saturation. The absorption spectrum of 
this precipitate dissolved in 0.1M phos- 
phate buffer at pH 7.4 showed maxima 
in the dithionite-reduced form at 560 to 
562, 530 to 532, and 428 to 430 mu. 
However, there was obviously a con- 
taminant absorbing at 553, 525, and 418 
mp. Ultracentrifugal studies of this 
preparation of cytochromes b and c, in- 
dicated a single component with an un- 
corrected sedimentation constant of 
13.9 x 10°18 sec. This compares with the 
previously reported value of 6.5 x 107% 
sec for cytochrome b (6). It would ap- 
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pear that at this stage we probably were 
dealing with a cytochrome b-c, “par- 
ticle.” 

Successful removal of the 553 mu 
component was accomplished by diges- 
tion of the soluble cytochrome b-c, 
“particle” with protease (9) at room 
temperature for 2 hours and subsequent 
precipitation at pH 7.4 with ammonium 
sulfate at approximately 20-percent satu- 
ration. A bright red precipitate was ob- 
tained which could be dissolved in 0.1M/ 
phosphate buffer at pH 7.4. The oxi- 
dized and dithionite-reduced spectra are 
shown in Fig. 1. Maxima in the reduced 
state are at 561, 531, and 428 mu. The 
range of values for several preparations 
was 560 to 562, 530 to 532, and 427 to 
+28 mu. In the oxidized state, a promi- 
nent peak is seen at 413 mu. 

This preparation could not be reduced 
with sodium succinate and showed no 
absorption at 553, 525, or 418 mu. In 
addition, no succinic dehydrogenase or 
cytochrome oxidase activity could be de- 
tected (//). The 553-mu component 
(cytochrome c,) was found to be pres- 
ent in the supernatant after ammonium 
sulfate precipitation at approximately 
20-percent saturation. The cytochrome 
b preparation at this stage still con- 
tained trace amounts of sodium deoxy- 
cholate, and attempts to remove this 
component by dialysis have led to de- 
naturation. 

The extinction coefficient (AE, o,1£/™") 
for this cytochrome b preparation was 
calculated for the maximum at 561 mu 
relative to the isosbestic point at 575 mu 
and was found to be 102. This should be 
compared with the value of 63 calcu- 
lated by Slater (/0) for the preparation 
of Sekuzu and Okunuki (5). 

As the protease preparation was grossly 
impure, it is not yet possible to state 
with any certainty what fraction(s) of 
this crude enzyme were responsible for 
hydrolyzing the cytochrome b from the 
cytochrome b-c, “particle.” It is of in- 
terest, however, that a series of other 
proteolytic enzymes from animal, bac- 
terial, and plant sources, as well as a 
variety of phospholipases and esterases, 
were not effective. No definite conclu- 
sions can be drawn as to the nature of 
the cytochrome b-c, linkage. 

Donatp FELDMAN 
Medical Research Laboratory, 
Veterans Administration Hospital, 
East Orange, New Jersey 
W. W. Wainio 
Bureau of Biological Research, Rutgers 
University, New Brunswick, New Jersey 
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Albinism in the California Hagfish 
Eptatretus stoutii 


Abstract. The discovery of an albino 
specimen of the hagfish, Eptatretus stoutii 
(Lockington), is reported, together with 
general notes regarding collection of this 
species for research purposes. The ex- 
treme abundance of hagfish in the area 
described refutes the generally accepted 
notion that they are of infrequent occur- 
rence in southern California waters. 


True albinism occurs but rarely among 
fishes, and it is believed that this is the 
first record of such a natural freak to 
be reported among the most primitive 
of craniate chordates, the hagfish (Fig. 


1). There is a report of an albino lam- 
prey (Petromyzon marinus), the other 
division of the class Cyclostomata, which 
was collected some years ago at the 
mouth of the Salmon River on Lake 
Champlain in New York (/). 

During a routine collection for speci- 
mens of Eptatretus stoutii (= Polisto- 
trema stoutii) on 5 May 1959, using 
5-gallon-can traps, I obtained an albino 
individual in a total collection of some 
500 fish. Over the past 2 years I have 
taken about 5900 hagfish of this species 
from the same general vicinity (lati- 
tude, 32° 31’N; longitude, 117° 18’W). 
This area is the floor of a submarine 
canyon, a tributary of the San Diego 
Trough, where the bottom is green mud 
and the depth is 210 fathoms. The traps 
remained on the bottom for 7 hours 
and they were baited with fish oil and 
mackerel. 

Normally, the body color of this spe- 
cies is pinkish to purple grey, lighter 
ventrally than dorsally. Of the several 
thousand hagfish studied, about 20 were 
piebald (Fig. 2), with certain areas pale 
pink because of reduced pigmentation. 


The skin of the albino is white save 
for a pinkish cast imparted by the blood. 
This coloration is most pronounced in 
the eye regions, the barbels, and the 
caudal area. The pulsations of the cau- 
dal heart are plainly visible beneath the 
translucent skin. 








Fig. 1. Living albino Eptatretus stoutit with normally colored individual for comparison 
(anesthetized). Note the slime glands beneath the skin in the albino (especially promi- 





nent posterior to the gill openings), not readily evident in the pigmented specimen. 





Fig. 2. Piebald specimen of Eptatretus stoutii (preserved), collected 7 Nov. 1958. 
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Measurements of the albino specimen 
(2) were as follows: body length, snout 
to tip of tail, 38.1 cm; weight, 55 g; ex- 
ternal gill openings, 12 left, 12 right. 
Measurements of the piebald specimen 
were as follows: body length, 28.3 cm; 
weight, 36 g; gill openings, 11 left, 11 
right. 

Davi JENSEN 
Scripps Institution of Oceanography, 
University of California, La Jolla 
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Identification of a Growth 
Inhibitor from Extracts of 
Dormant Peach Flower Buds 


Abstract. A growth inhibitor in dormant 
peach flower buds was identified as narin- 
genin (5,7,4’trihydroxyflavanone) from 
infrared and ultraviolet spectra, through 
determination of melting point, through 
paper chromatography, and from activity 
in the bioassay test. 


A growth-inhibiting substance has been 
reported to occur in resting peach flower 
buds by a number of investigators (/-3). 
This substance has been closely corre- 
lated with the emergence of peach buds 
from rest (1); however, its identity is 
unknown. 

In an investigation of the seasonal 
fluctuation in quantity of growth sub- 
stances in resting peach flower buds, sev- 
eral attempts were made to obtain a 
purification step which would separate 
the inhibiting substance from oils, fats, 
and waxes present in the plant extract. 
The inhibitor could not be separated by 
means of a sodium bicarbonate solution; 
therefore, the ether or methanol extract 
was dissolved in 0.1N NaOH. The pH 
was adjusted downward, one unit at a 
time, with 0.1N HCl, and after each 
adjustment of pH the aqueous solution 
was extracted with peroxide-free diethyl 
ether and the ether extract was assayed 
for activity. It was noted that the intense 
straw color at pH 9.0 changed to a less 
intense straw color at pH 8.0. It was 
found that the inhibitor was very soluble 
in the ether phase at pH 8.0. There was 
a small amount of the inhibitor in the 
ether phase at pH 9.0 and 7.0. This pro- 
vided a means whereby the inhibitor 
could be recovered free from fats, oils, 
and waxes and from many of the acidic 
substances which still remained in the 
salt form at this pH. 

A number of attempts were made to 
crystallize the inhibitor from resting 
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peach buds. The procedure described be- 
low was successful. 

On 1 Dec. 1958, 221 g (fresh weight) 
of buds were collected and extracted for 
48 hours with four changes of peroxide- 
free diethyl ether at approximately 12- 
hour intervals. The ether extracts were 
combined and purified with n-hexane 
and acetonitrile. The acetonitrile frac- 
tion was evaporated to dryness, and the 
residue was dissolved in aqueous 0.1N 
NaOH. The pH of the aqueous NaOH 
solution was adjusted to pH 10 with 1N 
HCl and extracted with ether. This 
ether, containing the ether-soluble ma- 
terials (fats, waxes, and so on), was dis- 
carded. The aqueous solution was ad- 
justed to pH 8.0 and extracted with four 
50-ml aliquots of fresh peroxide-free 
ether. This ether fraction, containing 
the growth-inhibiting substance, was 
concentrated and chromatographed on 
Whatman No. 1 filter paper in a water- 
saturated n-butanol-ammonia (100:8 
vol./vol.) solvent. The chromatograms 
were dried and sprayed with 0.1N 
NaOH, and the inhibiting zone, bright 
yellow in color, was eluted with distilled 
water. The aqueous fraction was retained 
and adjusted to pH 10 and extracted 
with ether, and the ether was discarded. 
The pH was then adjusted to 8.0 and 
extracted with five 25-ml aliquots of 
fresh peroxide-free ether. This ether 
fraction was evaporated to dryness, and 
the residue was dissolved in approxi- 
mately 10 ml of absolute methanol. The 
methanol was concentrated under a jet 
of compressed air, and when approxi- 
mately 3 ml remained, about 15 ml of 
distilled water was added. The sub- 
stance which precipitated strongly in- 
hibited the growth of coleoptiles in the 
biological assay test. 

The precipitate formed was a bright 
yellow compound having a very sharp 
melting point at 244°C (uncorrected). 
This substance was slightly soluble in 
water and very soluble in alcohol and 
ether. The original 221 g of buds pro- 
duced about 140 mg of the substance, 
or 0.63 mg per gram of buds. Recrys- 
tallization of the inhibitor from 95 per- 
cent ethanol resulted in long needle- 
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Fig. 1. Infrared absorption spectra of 
authentic naringenin (top) and of ma- 
terial crystallized from dormant peach 
buds (bottom). 
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Fig. 2. Ultraviolet absorption spectra of 
authentic naringenin and of material crys- 
tallized from dormant peach buds, de- 
termined in methanol and methanolic 
NaOH, 0.1N. 


shaped crystals which exhibited consid- 
erable inhibition in the bioassay test. 

The same procedure was followed in 
a second isolation, from 120 g (fresh 
weight) of buds collected 2 Feb. 1959. 
This isolation yielded 17 mg of material 
having the same melting point and in- 
hibitory characteristics as the previous 
isolate. This was equivalent to 0.142 mg 
per gram (fresh weight) of buds. This 
difference in yield could have been due 
to a difference in concentration of the 
substance in the buds on the two dates. 

The crystalline material obtained 
from the second isolation was used in 
determining the identity of the growth 
inhibitor, from infrared and ultraviolet 
spectra and through chromatography, 
color tests, and bioassay. 

An infrared spectrum of the unknown 
was obtained from Sadtler Research 
Laboratories, Philadelphia, Pa. This 
spectrum resembled very closely the 
spectrum of naringenin (5,7,4’tryhy- 
droxyflavanone), the aglycone of nar- 
ingin (Fig. 1). One major shift in the 
peak at 3.45 microns was noted. Also, 
the unknown had somewhat less absorp- 
tion in the region of 4 to 6 w. Very minor 
differences can be noted in other areas 
of the spectrum. 

Further evidence that the inhibitor 
was naringenin was obtained by compar- 
ing the ultraviolet spectrum of the un- 
known with that of authentic naringenin, 
both in absolute methanol and in meth- 
anolic 0.1N NaOH. The comparison was 
made with a concentration of both ma- 
terials of 0.01 mg/ml. The results (Fig. 
2) show that the absorption curves in 
methanol and in methanolic 0.1N 
NaOH are almost identical. In absolute 
methanol, maximum absorption occurred 
at 287 mp, with minima at 249 mn, for 
both the unknown and naringenin. The 
shift in peaks as a result of the change 
in the pH of the solvent was the same 
for both the naringenin and the un- 
known. The maximum absorption oc- 
curred at 322 to 323 mu, with a minima 
at 269 mu. 

Descending chromatography on What- 
man ‘No. 1 filter paper was conducted 
with the inhibitor and naringenin in 


a water-saturated n-butanol-ammonia 
(100:8 vol./vol.) solvent. 

In this solvent, the inhibitor had an 
Ry, of 0.47, identical with the growth- 
inhibiting area of the naringenin (ob- 
tained from Delta Chemical Works, 
New York). A second spot on the chro- 
matogram, above naringenin, appeared 
with the naringenin sample. This spot 
was not active in the bioassay test. 

Paper chromatograms of the unknown 
crystalline material were sprayed with 
diazotized sulfanilic acid, ferric chlo- 
ride, sodium hydroxide, and Ehrlich’s 
reagent, and colors identical to those 
given by authentic naringenin were ob- 
tained. Naringenin and the inhibitor 
absorbed in ultraviolet light, and when 
the chromatograms were sprayed with 
1-percent alcoholic AICI,, an intense 
greenish-white fluorescence was obtained. 

Paper chromatograms of the unknown 
crystalline material at various concentra- 
tions were sectioned and placed with 
etiolated wheat coleoptiles, and the 
amount of inhibition obtained was the 
same as that obtained with the authentic 
naringenin at a concentration of 1.84 x 
10°°M. When the pure substance was not 
chromatographed but was assayed di- 
rectly, the concentration required to give 
the same degree of inhibition that was 
found when the material was chromato- 
graphed was 4.6 x 10M. This discrep- 
ancy in effective concentration between 
the chromatographed and nonchromato- 
graphed material may have indicated 
that the substance was not completely 
eluted from the paper, or that part of 
the substance remained in the salt form 
and was not effective when the material 
was chromatographed in ammonia sol- 
vent. 

The results obtained from this inves- 
tigation (4) strongly indicate that the 
inhibitor obtained from methanol or 
ether extracts of dormant peach flower 
buds was naringenin (5,7,4’trihydroxy- 
flavanone), the aglycone of naringin. 
The glycoside, naringin, occurs abun- 
dantly in grapefruit (Citrus paradisi) 
(2), but to our knowledge neither the 
glycoside nor the aglycone has been re- 
ported to occur in peach (Prunus per- 
sica). 

C. H. Henpersuorr* 
Davin R. WALKER 
Department of Horticulture, 
School of Agriculture, 
North Carolina State College, Raleigh 
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Inhibitor of O-Methylation of 
Epinephrine and Norepinephrine 
in vitro and in vivo 


Abstract. Pyrogallol inhibits the O- 
methylation of epinephrine and norepi- 
nephrine by catechol-O-methy] transferase 
in vitro as well as the metabolism of these 
catecholamines, and the formation of their 
O-methylated metabolites, in the intact 
mouse. Since pyrogallol also prolongs the 
physiological effects of epinephrine, it is 
suggested that catechol-O-methyl trans- 
ferase terminates the actions of the cate- 
cholamine hormones. 


Previous work in this laboratory has 
shown that catechol-O-methyl transfer- 
ase (1) is mainly responsible for the 
metabolism of epinephrine and_nor- 
epinephrine (2). Whether this enzyme 
inactivates these hormones has not been 
established. A classical procedure show- 
ing a physiological role of an enzyme 
involves a demonstration that inhibition 
of the enzyme prolongs the actions of its 
substrates. 

Many years ago Bacq demonstrated 
that pyrogallol and other catechols mark- 
edly increased the duration of response to 
epinephrine and sympathetic nerve stimu- 
lation in vivo (3). This potentiation was 
attributed to the antioxidant properties 
of the catechols (3). Since catechol-O- 
methyl transferase methylates all types 
of catechols (J), it appeared to us that 
pyrogallol might prolong the responses 
of epinephrine by competing for this 
enzyme. 

The action of pyrogallol on catechol-O- 
methyl transferase was examined in vitro. 
Incubating epinephrine (1107547) with 
O-methyl transferase obtained from rat 
liver, with magnesium chloride, and with 
the methyl donor S-adenosylmethionine 
resulted in the formation of metaneph- 
rine (3-O-methylepinephrine). In the 
presence of pyrogallol at a concentration 
of 1x 105M, the formation of meta- 
nephrine was inhibited approximately 50 
percent. When the concentration of the 
substrate was increased 100-fold, the in- 
hibition by pyrogallol was abolished, and 
thus the competitive nature of the reac- 
tion was indicated. Essentially the same 
results were obtained when norepineph- 
rine was used as a substrate. 

The effect of pyrogallol on the me- 
tabolism of epinephrine and the forma- 
tion of metanephrine in vivo was then 
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studied. Mice were given H®-epinephrine 
intravenously and were killed 10 min- 
utes later. The whole animal was ho- 
mogenized in 0.1N HCl in a Waring 
blender, and an aliquot of the homoge- 
nate was examined for remaining H*%- 
epinephrine and for total (free and 
conjugated) H*-metanephrine formed 
(4). It was found that about 70 per- 
cent of the administered epinephrine 
was metabolized in this time (Fig. 1). 
Almost all of the catecholamine that dis- 
appeared could be accounted for as meta- 
nephrine. Pretreating the mice with py- 
rogallol dramatically blocked both the 
metabolism of epinephrine and the for- 
mation of metanephrine (Fig. 1), indi- 
cating that pyrogallol is an effective in- 
hibitor of catechol-O-methyl transferase 
in vivo. Pyrogallol also inhibited the dis- 
appearance of norepinephrine in the in- 
tact mouse. The metabolism of epineph- 
rine was found to be blocked after the 
intravenous administration of 500 to 10 
mg of the catechol-O-methyl transferase 
inhibitor per kilogram to mice. Epineph- 
rine levels after pyrogallol treatment 
were elevated for many hours, suggest- 
ing that binding of the catecholamine 
might be an alternate mechanism for the 
inactivation of this hormone. Although 
pyrogallol exerts its effects at a relatively 
low concentration, it is likely that there 
are more potent inhibitors of catechol- 
O-methyl transferase. Many flavonoids 
(rutin, quercitrin) at low concentrations 
have been shown to potentiate the ac- 
tions of epinephrine in vivo (5). Since 
flavonoids possess a catechol nucleus, 
this effect might be due to their ability 
to inhibit catechol-O-methyl transferase. 

For many years monoamine oxidase 
was considered to be the enzyme chiefly 
concerned with the metabolism and inac- 
tivation of catecholamines. Recent work, 
however, has shown that the inhibition 
of monoamine oxidase in vivo did not 
prolong the physiological effects of exog- 
enous (6) and endogenous (7) cate- 
cholamines. Monoamine oxidase was 
shown to be mainly involved in the 
deamination of the O-methylated me- 
tabolites of epinephrine and norepine- 
phrine, rather than of the catechola- 
mines themselves (2). Treatment with 
iproniazid, a monoamine oxidase inhibi- 
tor, did not affect the rate of metabolism 
of epinephrine in mice (Fig. 1). These 
observations provide further evidence 
for the negligible role of monoamine 
oxidase in the inactivation of epineph- 
rine, 

It has been shown that O-methylation 
is the principal pathway for the metabo- 
lism of epinephrine and norepinephrine 
(2). More recently we have found that 
within 2 minutes after the administra- 
tion of epinephrine to cats, more than 
half of the catecholamine has been con- 
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Fig. 1. Inhibition of epinephrine metabo- 
lism by pyrogallol. All mice received 3 
ug of B-H®*-epinephrine (1.5 pc) in the 
tail vein and were killed 10 minutes later. 
Each animal was assayed for H’-epine- 
phrine and total (free and conjugated) 
H*-metanephrine. Pyrogallol was given 
intravenously (100 mg/kg) 2 minutes be- 
fore the injection of the epinephrine. 
Iproniazid (100 mg/kg) was given intra- 
peritoneally 4 hours prior to the adminis- 
tration of the catecholamine. Ten mice 
were used in each group. The vertical 
bracketed lines represent the standard de- 
viation of the mean, 


verted to metanephrine (4). From the 
observations of Bacq, showing that pyro- 
gallol prolongs the physiological actions 
of epinephrine (3), and from findings 
that this compound inhibits the O-meth- 
ylation of the epinephrine and norepi- 
nephrine in vitro and in vivo, it can be 
concluded that catechol-O-methyl trans- 
ferase is the enzyme primarily concerned 
with terminating the action of these hor- 
mones. The prolongation of responses to 
sympathetic nerve stimulation after py- 
rogallol administration (3) points to 
catechol-O-methyl transferase as the en- 
zyme mainly involved in the inactivation 
of the neurohumor norepinephrine in the 
sympathetic nervous system. 
Juutus AxELRoD 

MartgE-JEANNE LarocHE* 
Laboratory of Clinical Science, 
National Institute of Mental Health, 
Bethesda, Maryland 
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Association Affairs 


Election of AAAS Officers 


The following candidates for the of- 
fices of president-elect and members of 
the Board of Directors have been se- 
lected by the AAAS Committee on 
Nominations on the basis of a prelimi- 
nary balloting of AAAS Council mem- 
bers: 


President-elect (one to be elected) 
John R. Dunning 
Paul M. Gross 
Thomas Park 


Members of the Board of Directors 
(two to be elected) 
Harrison Brown 
Theodore C. Byerly 
Barry Commoner 
W. Ward Pigman 
Don K. Price 
Alfred S. Romer 


The Board members whose terms ex- 
pire at the end of 1959 are George R. 
Harrison, who has served one full term, 
and Don K. Price, who was elected a 
year ago to fill a vacancy. 

Election procedures established by the 
Council provide that additional candi- 
dates for any of the elective offices may 
be nominated and included on the ballot 
by a petition signed by no fewer than 30 
members of the Council and submitted 





John R. Dunning 
25 SEPTEMBER 1959 





to the executive officer no later than 1 
November. 

Council members will receive ballots 
for election by preferential mail vote by 
10 November. The results of the election 
will be announced on 27 December at 
the Association’s 1959 annual meeting 
in Chicago, Ill. Biographical data con- 
cerning each of the candidates follow. 

John R. Dunning, 52 (physics), as- 
sistant in physics, Columbia University, 
1929-32, instructor, 1933-35, assistant 
professor, 1935-38, associate professor, 
1938-46, professor, 1946; official investi- 
gator, Office of Scientific Research and 
Development, 1941-46; director of re- 
search, Division I, Substitute Alloy Ma- 
terial Laboratories, Columbia, 1942-45, 
director, Division of War Research, 
1945-46, scientific director (atomic en- 
ergy and office of naval research), 1946-, 
director for scientific research, 1950-, 
chairman, science and engineering re- 
search, 1949-, dean, Faculty of Engineer- 
ing, 1950-; special representative, Man- 
hattan District, Bikini, 1946; chairman, 
National Research Council Committee 
on Nuclear Energy Glossary, 1947-; 
member, Board of Directors, Oak Ridge 
Institute of Nuclear Studies, 1950-; 
Vitro Corporation, 1950-; Atomic En- 
ergy Corporation, 1950-; awarded Presi- 
dent’s Medal of Merit, 1946. 


AAAS activities: member, Board of 


Paul M. Gross 


Directors, 1950-55; member, Committee 
of Judges, AAAS Newcomb Cleveland 
Prize, 1955; chairman, Building Com- 
mittee, 1952-54. 

Paul M. Gross, 64 (chemistry), in- 
structor in chemistry, College of the City 
of New York, 1916-18; assistant profes- 
sor, Trinity College, 1919-20, professor 
1920-24; professor, Duke University, 
1925-, chairman of the department, 
1926-49, dean of the graduate school, 
1947-52, vice president, 1949-, dean of 
the university, 1952-59; president, Oak 
Ridge Institute of Nuclear Studies, 
1949-; president, Council of Southern 
Universities, 1952-53; member, National 
Science Board, 1950-; vice chairman, 
National Science Foundation, 1955-; 
awarded Herty Medal, 1945; President’s 
Medal of Merit, 1948; Townsend Harris 
Medal, 1953. 

AAAS activities: member, Board of 
Directors, 1955-58; member, Committee 
on Publications, 1957-58. 

Thomas Park, 51 (zoology, population 
ecology), National Research Council 
fellow, Johns Hopkins University, 1933- 
35; instructor in biology, Johns Hopkins 
University, 1935-36, associate, 1936-37; 
instructor in zoology, University of Chi- 
cago, 1937-39, assistant professor, 1939- 
12, associate professor, 1942-47, profes- 
sor, 1947—, associate dean, Division of 
Biological Sciences, 1943-46; Rocke- 
feller Foundation fellow, Oxford Uni- 
versity, 1948; scientific attaché, Ameri- 
can Embassy, London, 1949; president, 
Ecological Society of America, 1959; 
member, Environmental Biology Panel, 
National Science Foundation, 1956-58; 
member, policy committee, American 
Society of Zoologists, 1957-58; member, 
publications committee, American So- 
ciety of Zoologists, 1959-60; editor, Ecol- 
ogy, 1940-50; editor, Physiological Zool- 
ogy, 1955-; editorial board, Quarterly 
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Harrison Brown 


Review of Biology, 1938-; American 
Naturalist, 1951-59; zoological adviser, 
Encyclopaedia Britannica, 1950-. 

AAAS activities: member, Board of 
Directors, 1954—; chairman, Publications 
Committee, 1955-; member, Newcomb 
Cleveland Prize Committee, 1956-58; 
member, Committee on Association 
Prizes, 1958 

Harrison Brown, 42 (geochemistry), 
instructor in chemistry, Johns Hopkins 
University, 1941-42; research associate, 
Plutonium Project, University of Chi- 
cago, 1942-43; assistant director of 
chemistry, Plutonium Project, Oak 
Ridge, 1943-46; assistant professor, In- 
stitute for Nuclear Studies, 1946-48, as- 
sociate professor, 1948-51; professor of 
geochemistry, California Institute of 
Technology, 1951-; editor-at-large, Sat- 
urday Review; member, Board of Direc- 
tors, University of Denver Social Science 
Foundation; member of Space Science 
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Theodore C. Byerly 


Board and chairman, Committee on 
Oceanography, National Academy of 
Sciences. 

AAAS activities: awarded Newcomb 
Cleveland Prize, 1947; member, Com- 
mittee on Science in the Promotion of 
Human Welfare, 1959-; member, Com- 
mittee on Popular Science Books, 1956-. 

Theodore C. Byerly, 57 (physiology), 
instructor in zoology, University of 
Michigan, 1926-28, Hunter College, 
1928-29; physiologist and later senior 
poultry husbandman, Bureau of Animal 
Industry, U.S. Department of Agricul- 
ture, 1929-37, chief, poultry husbandry 
investigations, 1941-47, head, animal 
husbandry division, 1947-53; professor 
of poultry husbandry, University of 
Maryland, 1937-41; chief, animal and 
poultry husbandry research branch, Agri- 
cultural Research Service, 1953-55, as- 
sistant director of livestock research, 


1955-57, deputy administrator for farm 


Don K. Price 


Barry Commoner 


research, 1957—; member, executive com- 
mittee, division of biology and agricul- 
ture, National Research Council; re- 
ceived Borden Award, 1943. 

AAAS activities: council member, 
1957-59; member, Committee on the 
Social Aspects of Science, 1957-58; 
member, Committee on Science in the 
Promotion of Human Welfare, 1959-. 

Barry Commoner, 42 (cellular physi- 
ology and biochemistry), university fel- 
low, Harvard, 1937-38, assistant in biol- 
ogy, 1938-40; instructor, Queens College 
(N.Y.), 1940-42; associate editor, Sci- 
ence Illustrated, 1946-47; associate pro- 
fessor of plant physiology, Washington 
University, 1947-53, professor, 1953-, 
chairman, Committee on Molecular Bi- 
ology, 1957-; naval liaison officer, U.S. 
Senate Committee on Military Affairs, 
Subcommittee on War Mobilization to 
assist in preparation of National Science 
Foundation Bill, 1946; member, honor- 
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UNITRON stereo microscopes 
seseseeeeseeeeeedS LOW AS $110 








Both models offer... 


sharp clear erect image + large depth 


of focus * wide field + long working distance + interpupillary 


- 
> 
MSL — a precision, 
budget priced instru- 


ment. Vertical binocular 
body. Choice of single 
magnification from 5X to 
45X. Extra eyepieces for 
additional powers, 


$19.50 per pair. $110 


AVAILABLE FOR FREE 
10-DAY TRIAL... WRITE 
FOR FREE CATALOG 00-0 








ACCESSORY STAND — For use 
with binocular head and focusing 
mechanism of either Model MSL 
or MSHL. Price (stand only), $75. 


and diopter adjustments + rack and pinion focusing + coated optics 
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MSHL — . ene 


general purpose instru- 
ment with a wide range 
of magnifications. In- 
clined binocular body, re- 
volving nosepiece for 
rapid interchange of ob- 
jectives. Model MSHL-1 
with objectives: 1X, 2X, 
3X; eyepieces: 8X, 12X, 
15X; magnification range: 
8X-45X. Other magnifi- 


cation ranges $267 


available. 


U iT (6) INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
204-206 MILK STREET + BOSTON 9, MASSACHUSETTS 










Combines an electric hot- 
plate and magnetic stirrer 
which operate independently 
or simultaneously. Variable 
speed stirring is powerful 
enough to stir beaker of pure 
glycerin. Heat control by ad- 
justable thermostat. Top 
plate 734” of cast aluminum. 
No. 16632 for 115 volt oper- 
ation, low priced at. . $64.50 
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1718M Irving Park Road ® Chicago 13, Illinois 
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DIFCO LaBoratTory PRODUCTS 
BIOLOGICS CULTURE MEDIA REAGENTS 


Media for Standard Methods 
Culture Media Dehydrated and Prepared 
Microbiological Assay Media 
Tissue Culture and Virus Media 
Bacterial Antisera and Antigens 
Diagnostic and Serological Reagents 
Sensitivity Disks Unidisks 
Peptones Amino Acids 

Dyes 
Biochemicals 


over 60 years’ experience 
in the preparation of Difco products assures 


UNIFORMITY STABILITY ECONOMY 


Hydrolysates 


Enzymes Enrichments Indicators 


Carbohydrates 


Complete Stocks 


Descriptive literature available on request 


Fast Service 


DETROIT 1 


DIFCO LABORATORIES MICHIGAN USA 








Original equipment manufacturers have chosen the Eastern D-11 
Centrifugal Pump for 24,897 successful installations. With 
eighteen pounds of compact design (934” x 45%”), this close- 
coupled, single-stage centrifugal pump with induction type motor 
provides an ideal job rating for many installations. 

The D-11 and other Eastern Centrifugal Pumps are available in 
18-8 Type 303 and Type 316 Stainless Steel, 
Monel, Hastelloy “C", Cast Iron and Bronze. 
They range from Yeth to %4 H.P. with capaci- 
ties up to 70 G.P.M., pressures to 65 P.S.I. 
SEND FOR BULLETIN 120-S 
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_ 100 SKIFF ST., HAMDEN, 14, CONN. 
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EXCLUSIVE WITH: ENGLAND 
: NUCLEAR 


LARGEST PRODUCER OF RADIO CHEMICALS 
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SYMPOSIUM 


ADVANCES IN TRACER 
METHODOLOGY 


October 23rd 
Hotel Statler 
New York City 


(No charge for admission.) 


Write for program 
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NEW 1959 
CATALOG ON REQUEST 


new england Pructear corp. ® 
575 ALBANY STREET, BOSTON 18, 








CRITICAL COMPONENT 
a melee: 


for 
biological 
and 


medical research! 
HALF THE SOLUTION IS KNOWING THE PROBLEM... 


Our many years of experience in the engineering 
and manufacture of Electro-Medical Equipment 
such as: 

Expanded Sweep Generators e@ Stimulators & Accessories @ 
Precision Flame Spectrophotometers @ A.C. & D.C. Amplifiers 
e@ Dual Regulated Power Supplies @ Dual Beam Oscilloscopes 
@ Audio Amplifiers @ Electronic Batteries @ Battery Floaters 
@ Oximeters @ Phonocatheters. 

. .. plus our close association to your field allows us 
to build into AEL equipment that extra measure 
of sureness and knowledge that represents the 
“CRITICAL COMPONENT” upon which you 


must ultimately rely. 


Complete data 
on request 






AMERICAN ELECTRONIC LABORATORIES, INC. 
121 N. 7th Street Philadelphia 6, Penna. 














MEDICAL 
MICROSCOPES 


Most reasonably priced GUARANTEED 
Microscope on the market. 


GRAF 
APSCO 


CHICAGO, U.S.A. 


Made in West Germany 
NEW DESIGN 


EXCLUSIVE 
SAFETY FEATURES 
HIGH QUALITY OPTICS 
10X OCULAR 
OBJECTIVES: 
16mm ( 10X) N.A. 0.27 
4mm ( 44X) N.A. 0.66 
1.8mm (100X) N.A. 1.30 


$192.00 
TEN YEAR GUARANTEE 


Write for catalogue 
listing safety features 


10% Discount on 5 or more. 
Models may be assorted to ob- 
tain this discount 


TRANSPORTATION 
INCLUDED 


THE GRAF-APSCO CO. 


5868 BROADWAY CHICAGO 40, ILL. 
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KLETT 


made 
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SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 
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ary advisory panel, Problems of Virol- 
ogy, 1957-; member, editorial board, 
International Review of Cytology, 1957-: 
member, editorial board, American 
Naturalist, 1959-; council member, Fed- 
eration of American Scientists, 1957: 
chapter president, Society of the Sigma 
Xi, 1957-58; chapter president, Ameri- 
can Association of University Professors, 
1958; member of the board and vice 
president, Greater St. Louis Citizens’ 
Committee for Nuclear 
1958-. 

AAAS activities: awarded Newcomb 
Cleveland Prize, 1953; secretary of sec- 
tion G, 1954 


Information. 


; chairman, Committee on 
Science in the Promotion of Human 
Welfare, 1959-; chairman, Committee 
on AAAS Research Grants, 1954-59: 
member, Committee on Popular Sci- 
ence Books, 1956-; member Committee 
on the Social Aspects of Science, 1956 
58. 

W. Ward Pigman, 49 (chemistry, den- 
tistry, rheumatology ), assistant, National 
Bureau of Standards, 1930-38, research 
chemist, 1940-43; Lalor Fellow, Univer- 
sity of Leipzig, 1938-39; group leader. 
Corn Products Refining Co., 1943-45: 
group leader, Institute of Paper Chem- 
istry, 1946-48; associate professor of bio- 
chemistry, University of Alabama, Medi- 
cal Center, 1948-, codirector of arthritis 
and rheumatism research laboratory, 
1954—; chairman, Division of Carbohvy- 
drate Chemistry, American Chemical 
Society, 1948, recipient of C. S. Hudson 
Award, 1959; president, Sigma Xi 
chapter, University of Alabama Medica! 
Center, 1954; editor, Advances in Car- 
bohydrate Chemistry, vols. 1 to 4. mem- 
ber of editorial committee, 1945-: vice 
president, Alabama Academy of Sci- 
ence, 1955; editorial board, Journal of 
Dental Research, J. Oral Biology. 

AAAS activities: council member, 
1955-56, 1958; chairman, Committee on 
Social Aspects of Science, 1956, mem- 
ber, 1957-58; member, Committee on 
Council Activities and Organization, 
1959-. 

Don K. Price, 49 (political science), 
research assistant, Home Owners’ Loan 
Corporation, 1935-37; staff member. 
committee on public administration, 
Social Science Research Council, 1937- 
39; editorial associate, Public Adminis- 
tration Clearing House, 1939-41, assist- 
ant director, 1941-43, associate director, 
1946-53; staff member, U.S. Bureau of 
the Budget, 1945-46; deputy chairman, 
Research and Development Board, U.S. 
Department of Defense, 1952-53; lec- 
turer, political science, University of 
Chicago, 1946-53; associate director, 
Ford Foundation, 1953-54, vice presi- 
dent, 1954-58; dean, Graduate School 
of Public Administration, Harvard Uni- 
versity, 1958-; assistant to Herbert 
Hoover, Study of the U.S. Presidency, 
1947-48; member, Board of Directors, 
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Social Science Research Council, 1949- 
52; staff director, Committee on Depart- 
ment of Defense Organization, 1953. 

AAAS activities: member, Board of 
Directors, 1959. 

Alfred S. Romer, 64 (zoology, verte- 
brate paleontology, anatomy), instructor 
in anatomy, New York University and 
Bellevue Hospital Medical College, 
1921-23; member, Department of Com- 
parative Anatomy, American Museum 
of Natural History, 1921-23: associate 
professor of vertebrate paleontology, 
University of Chicago, 1923-31, profes- 
sor, 1931-34; professor of zoology and 
curator of vertebrate paleontology, Har- 
vard University, 1934—, director, Biologi- 
cal Laboratories, 1945-46, director, Mu- 
seum of Comparative Zoology, 1946-, 
Alexander Agassiz professor of zoology, 
1947-; vice president, Paleontological 
Society, 1939; vice president, Society for 
the Study of Evolution, 1947, president, 
1953; president, Society of Systematic 
Zoology, 1952; president, Society of Ver- 
tebrate Paleontology, 1941; president, 
American Society of Zoologists, 1950; 
member, National Academy of Sciences. 


Forthcoming Events 
October 


26-27. American Cancer Soc., New 
York, N.Y. (ACS, 521 W. 57 St., New 
York 19.) 

26-27. Griseofulvin and Dermatomy- 
coses, intern. symp., Miami, Fla. (H. 
Blank, Dept. of Dermatology, Univ. of 
Miami School of Medicine, Miami 36. ) 

26-28. Aeronautical and Navigation 
Electronics, IRE conf., Baltimore, Md. 
(L. G. Cumming, IRE, 1 E. 79 St., New 
York 21.) 

26-28. Analytical Chemistry in Nuclear 
Reactor Technology, 3rd conf., Gatlin- 
burg, Tenn. (C. D. Susano, Oak Ridge 
Natl. Lab., P.O. Box Y, Oak Ridge, 
Tenn.) 

26-28. Gas Lubricated Bearings, Ist 
intern. symp., Washington, D.C. (S. W. 
Doroff, Power Branch, Office of Naval 
Research, Washington 25.) 

26-28. National Rehabilitation Assoc., 
Boston, Mass. (E. D. Callahan, 14 Court 
Square, Boston 8.) 

26-28. Society of Automotive Engi- 
neers, natl. transportation meeting, Chi- 
cago, Ill. (R. W. Crory, SAE, 485 Lex- 
ington Ave., New York 17.) 

26-30. Society of Photographic Scien- 
tists and Engineers, natl. conf., Chicago, 
Ill. (SPSE, Box 1609, Main Post Office, 
Washington, D.C.) 

26-30. Standardization (ISO), com- 
mittee on rubber, New York, N.Y. (ISO, 
General Secretariat, 1, rue de Varembe, 
Geneva, Switzerland. ) 

27. Association of Consulting Chemists 
and Chemical Engineers, annual symp., 
New York, N.Y. (A. B. Bowers, ACCCE, 
50 E. 41 St., New York 17.) 

28-29. Computer Conf., Chicago, Ill. 
(F. A. Judd, Armour Research Founda- 
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Excellence (@:4 AY TH al D) in Electronics 


aia 





Raytheon Manufacturing Company i 
industrial Apparatus Division 

Power Generator Dept. -? 
Waltham 54, Massachusetts 


Please send the following Power 
Generator material: 


(J Complete specification sheet 
oO “aaa spectroscopy litera- 
ure 


O Reprints, selected spectroscopy 
articles 





Name 





Address 





City 





ee oe ee Oe ee ee a ee ee ee ee 


Zone State 


bee oe ee ee ee ee ee ee es 








tion, Technology Center, 10 W. 35 St., 
Chicago 16, Ill.) 

28-30. Aircraft Electrical Soc., Los 
Angeles, Calif. (E. I. Niles, AES, 920 
South Robertson Blvd., Los Angeles 35.) 

28-31. American Soc. of Tropical Med- 
icine and Hygiene, Indianapolis, Ind. (R. 
B. Hill, 3575 St. Gaudens Rd., Miami 33, 
Fla.) 

29-31. Animal Care Panel, 10th an- 
nual, Washington, D.C. (Animal Care 
Panel (ILAR), NAS-NRC, 2101 Con- 
stitution Ave., NW, Washington 25.) 

30-31. Society for the Scientific Study 
of Religion, New Haven, Conn. (J. E. 
Dittes, 409 Prospect St., New Haven 11.) 

30-31. West Central States Biochemical 
Soc., Columbia, Mo. (D. F. Millikan, 
WCSBS, Dept. of Horticulture, College 
of Agriculture, Univ. of Missouri, Co- 
lumbia. ) 


November 


1-4. Society of Economic Geologists, 
Pittsburgh, Pa. (H. M. Bannerman, U.S. 
Geological Survey, Washington 25.) 

2-4. Atomic Industrial Forum, annual 
conf., Washington, D.C. (Atomic Indus- 
trial Forum, Inc., 260 Madison Ave., 
New York 16 

2-4. Geochemical Soc., Pittsburgh, Pa. 
(K. B. Krauskopf, Geology Dept., Stan- 
ford Univ., Stanford, Calif.) 

2-4. Geological Soc. of America, Pitts- 
burgh, Pa. (H. R. Aldrich, 419 W. 117 
St., New York 27.) 


2-4. Mineralogical Soc. of America, 
Pittsburgh, Pa. (C. S. Hurlbut, Jr., 12 
Geological Museum, Harvard Univ., Ox- 
ford St., Cambridge 38, Mass. ) 

2-4. National Assoc. of Geology Teach- 
ers, Pittsburgh, Pa. (F. Foote, Dept. of 
Geology, Williams College, Williamstown, 
Mass. ) 

2-4. Paleontological Soc., Pittsburgh, 
Pa. (H. B. Whittington, Museum of 
Comparative Zoology, Harvard Univ., 
Cambridge 38, Mass.) 

2-5. Physical and Extractive Metal- 
lurgy, symp., Chicago, Ill. (Metallur- 
gical Soc. of AIME, 29 W. 39 St., New 
York 18.) 

2-6. American Inst. of Mining, Metal- 
lurgical, and Petroleum Engineers and 
Inst. of Metals, fall, Chicago, Ill. (E. O. 
Kirkendall, AIME, 29 W. 39 St., New 
York 18.) 

2-6. Collegium Internationale Allegal- 
ogicum, 4th symp., Rome, Italy. (A. Cer- 
letti, Pharmacological Laboratories, San- 
doz, Ltd., Basel, Switzerland. ) 

4-5. Diffraction, 17th annual conf., 
Pittsburgh, Pa. (P. K. Koh, Allegheny 
Ludlum Steel Corp., Research and De- 
velopment Laboratories, Brackenridge, 
Pa) 

4—6. American Nuclear Soc., conf., 
Washington, D.C. (American Nuclear 
Soc., John Crerar Library, 86 E. Ran- 
dolph St., Chicago 1, IIl.) 

4-6. Antibiotics, 7th annual symp., 
Washington, D.C. (H. Welch, Div. of 
Antibiotics, Food and Drug Administra- 
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tion, Dept. of Health, Education, and 
Welfare, Washington 25.) 

4—6. Design of experiments in Army 
Research, 5th conf. (by invitation only), 
Fort Detrick, Frederick, Md. (F. G. 
Dressel, Office of Ordnance Research, 
Box CM, Duke Station, Durham, N.C.) 

4—6. Eastern Analytical Symp., New 
York, N.Y. (P. Lublin, Publicity Chair- 
man, Sylvania Research Laboratories, 
Bayside, N.Y.) 

4—6. Industrial Management Soc., Chi- 
cago, Ill. (R. J. Mayer, IMS, 330 S. 
Wells St., Chicago 6.) 

4—6. National Automatic Control Conf., 
Dallas, Tex. (G. L. Turin, Hughes Re- 
search Laboratories, Culver City, Calif.) 

4—6. Society of Rheology, 30th anni- 
versary, Bethlehem, Pa. (J. T. Bergen, 
Armstrong Cork Co., Lancaster, Pa.) 

4—6. Technical Assoc. of the Pulp and 
Paper Industry, 13th alkaline pulping 
conf., Jacksonville, Fla. (TAPPI, 155 E. 
44 St., New York 17.) 

5-8. Group for the Advancement of 
Psychiatry, New York, N.Y. (American 
Psychiatric Assoc., 1700 18 St., NW, 
Washington 9.) 

6. Gastroenterology Research Group, 
9th semi-annual, Chicago, Ill. (E. Clin- 
ton Texter, Jr., Ward Memorial Bldg., 
Medical School, Northwestern Univ., 303 
E. Chicago Ave., Chicago 11.) 

8-13. International Rubber Conf., 
Washington, D.C. (B. S. Garvey, Jr., 
Pennsalt Chemical Corp., Industrial 
Chemicals Div., 813 Lancaster Pike, 
Wayne, Pa.) 

9-11. American Petroleum Inst., 39th 
annual, Chicago, Ill. (API, 50 W. 50 St., 
New York 20.) 

9-11. Association of Military Surgeons, 
66th annual conv., Washington, D.C. 
(R. E. Bitner, AMS, Suite 718, 1726 Eye 
St., NW, Washington 6.) 

9-11. Chemical Engineering, symp., 
Hamilton, Ontario, Canada. (Chemical 
Inst., 18 Rideau St., Ottawa 2, Ontario.) 

9-11. Institute of Radio Engineers— 
Electronics Industries Assoc., fall, Syra- 
cuse, N.Y. (L. G. Cumming, IRE, 1 E. 
79 St., New York 21.) 

9-11. Instrumentation Conf., 4th, At- 
lanta, Ga. (W. B. Jones, Jr., School of 
Electrical Engineering, Georgia Inst. of 
Technology, Atlanta 13.) 

9-12. Society of Exploration Geophysi- 
cists, 29th annual intern., Los Angeles, 
Calif. (B. Roberts, SEG, 1544 N. High- 
land Ave., Los Angeles 28.) 

10-12. Electrical Techniques in Medi- 
cine and Biology, 12th annual conf., 
Philadelphia, Pa. (D. A. Holaday, Coi- 
lege of Physicians and Surgeons, Colum- 
bia Univ., New York, 32.) 

10-15. Laboratory Measurement and 
Automation Techniques in Chemistry, in- 
tern. cong., Basel, Switzerland. (ILMAC, 
61 Clarastrasse, Basel, Switzerland.) 

11-12. Clinical Anticancer Drug Re- 
search, Washington, D.C. (B. H. Mor- 
rison, III, Cancer Chemotherapy Na- 
tional Service Center, National Cancer 
Inst., Bethesda 14, Md.) 

11-13. Gerontological Soc., Detroit, 
Mich. (R. W. Kleemeier, Dept. of Psy- 
chology, Washington Univ., St. Louis 5, 
Mo.) 
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11-14. Society of Naval Architects and 
Marine Engineers, annual, New York, 
N.Y. (W. N. Landers, SNAME, 74 Trin- 
ity Pl., New York 6.) 

12-13. Cardiology in Aviation, intern. 
symp., Brooks Air Force Base, Tex. (L. 
E. Lamb, Dept. of Internal Medicine, 
School of Aviation Medicine, Brooks Air 
Force Base.) 

12-13. Operations Research Soc., natl., 
Pasadena, Calif. (D. A. Katcher, 4608 
Morgan Drive, Chevy Chase 15, Md.) 

12-13. Utilization of Atomic Energy, 
2nd annual conf., College Station, Tex. 
(G. M. Krise, Radiation Biology Labora- 
tory, Texas Engineering Experiment Sta- 
tion, College Station.) 

12-18. International Odontological 
Session (with 64th Paris Dental Con- 
gress), Paris, France. (J. Charon, Secre- 
tary-General, 31, rue Tronchet, Paris 8°, 
France. ) 

15-18. Society of American Foresters, 
59th, San Francisco, Calif. (Soc. of Amer- 
ican Foresters, Mills Bldg., 17th and 
Pennsylvania Ave., NW, Washington 6.) 

15-19. American Soc. of Agronomy, 
Cincinnati, Ohio. (L. G. Monthey, 2702 
Monroe St., Madison 5, Wisc.) 

15-20. Radiological Soc. of North 
America, conf., Chicago, Ill. (Radiologi- 
cal Soc. of North America, 815 Medical 
Arts Bldg., Fort Worth, Tex.) 

16-18. Molecular Structure, 3rd conf., 
Houston, Tex. (Robert A. Welch Foun- 
dation, 2010 Bank of the Southwest 
Bldg., Houston 2.) 

16-19. Magnetism and Magnetic Ma- 
terials, 5th conf., Detroit, Mich. (D. M. 
Grimes, Dept. of Electrical Engineering, 
Univ. of Michigan, Ann Arbor.) 

16-20. American Rocket Soc., annual 
meeting, Washington, D.C. (J. J. Harford, 
ARS, 500 Fifth Ave., New York 36.) 

16-21. Antarctic Symp., Buenos Aires, 
Argentina. (R. N. Panzarini, Instituto 
Antarctico, Argentino, Cerrito 148, 
Buenos Aires.) 

16-21. Disposal of Radioactive Waste, 
conf., Monaco. (Intern. Atomic Energy 
Agency, 11-13 Karntner Ring., Vienna 
1, Austria.) 

17-19. Building Research Inst. (NAS— 
NRC), fall conf., Washington, D.C. (J. 
H. Houtchens, Information Services, BRI, 
NAS-NRG, 1145 19 St., NW, Washing- 
ton 25.). 

17-19. Northeast Electronics Research 
and Engineering Meeting, Boston, Mass. 
(Miss S. Whiteker, Inst. of Radio Engi- 
neers, 73 Tremont St., Boston, Mass.) 

17-20. National Assoc. for Mental 
Health, annual, Philadelphia, Pa. (Amer- 
ican Psychiatric Assoc., 1700 18 St., NW, 
Washington 9.) 

19-21. Inter-Society Cytology Council, 
annual, Detroit, Mich. (P. A. Younge, 
ISCC, 1101 Beacon St., Brookline 46, 
Mass. ) 

20-21. American Mathematical Soc., 
Winston-Salem, N.C. (J. W. Green, 
Univ. of California, Los Angeles 24.) 

20-21. Nuclear Fusion, symp., Austin, 
Tex. (Texas Symp. on Nuclear Fusion, 
P.O. Box 8005, Univ. Station, Austin.) 

22-24. American Soc. of Hematology, 
2nd annual, St. Louis, Mo. (J. W. Re- 
buck, Henry Ford Hospital, Detroit, 
Mich.) 
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scientific progress thru 
progressive laboratory supply 





ao er 


International 1919 Centrifuge 





1959 International Model UV 
Centrifuge 
Will No. 8042N .. . $759.00 


"A ee 


e& 


LOOK WHAT'S HAPPENED 
TO CENTRIFUGES ...from Will 


Compare the slow cumbersome machine that Will first offered 
four decades ago with this new Universal Centrifuge. Years 
ago you could get by with old-fashioned models; but for today’s 
separations—and those of tomorrow—you need one better— 
far better. 

Whether it’s this latest centrifuge or any other new apparatus 
... you can get it from Will! 


The Universal has ALL the features YOU've asked for: 


. > Handles practically any type of separation—over 
th 80 different accessory combinations, including all 
heads now used on Size 1, 2 or Model U Centrifuges 

(except No. 250). 


Runs cooler for processing heat-sensitive materials 
—and at speeds up to 5600 rpm (21,600 with multi- 
speed attachment) ! 


DS Easy-to-clean stainless steel guard bowl—and ac- 
cessories store right in the cabinet! 


. > Unitized control panel with electric tachometer and 
new electric brake. 


Tos 


Take another look . . . at your centrijuge— 
and contact your nearest Will Supply & Service Center. 
Ask the Will man to show you the 
better way to centrifuge—the new Universal way. 


© 1959 Will Corporation 








Wil GORPORATION . 
and subsidiaries Specialists in 
UY Scientific Supply 








ROCHESTER 3,N.Y. + ATLANTA1,GA. + NEW YORK 52,N.Y. + BALTIMORE 24, MD. 
BUFFALO 5,N.Y. * SO. CHARLESTON 3, W. VA. 
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~PHOTOVOLT 
ZAP OSURE 
PHOTOMETER 


Mod. 
’ 200-M 









PHOTOMICROGRAPHY 


Accurate determination of exposure time in 
black-and-white and color photomicrography 


Write for Bulletin #810 to Pr ice $105.00 





PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 































FOR PAPER CHROMATOGRAPHY— 


A NEW & SIMPLE METHOD OF 
CHROMATOGRAPHING PAPER STRIPS 





The New Kurtz-Miramon Technique 


.. permits chromatographing 
large numbers of paper strips 
at one time in a small space. 


..eliminates fumbling with 
dangling, wet paper strips. 


r 


.. prevents papers from 
touching or rubbing together 
while being developed, 
washed, sprayed, and dried. 


..eliminates use of anchor 
and anti-siphon rods. 


. utilizes all-glass apparatus. 


Write for Brochure SK 









CALIFORNIA LABORATORY EQUIPMENT CO. 
98 Rincon Road . Berkeley 4, California 
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GYROTORY* 
WATER BATH 
~ SHAKER 


A variable speed, ro- 
tary shaking appara- 
tus integrated with a 
constant temperature 
bath . . . precision built 


for continuous duty. 


MODEL G76 


e Variable speed control from 85 to 285 rpm. 


e Heats rapidly to pre-set temperatures from am- 
bient to 100° C.+0.5° C 


e Triple eccentric stabilizing system assures uni- = 
form agitation to all flasks on shaking platform. : 


e Cool, quiet, vibrationless performance. 


e Compact. Large capacity for flasks, tubes and 
beakers. Used with gaseous atmospheres. 


e Models also available with reciprocating motion. 
UNCONDITIONAL 1 YEAR WARRANTY 
Write for catalog G76-925 
NEW BRUNSWICK SCIENTIFIC CO., INC. 


2 Oe | LABORATORY 











APPARATUS 





P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 











formaldehyde C“ 
adipic acid-1,6-C" 


mevalonic acid-2-C" 
sarcosine-1-C“ 
uracil-2-C"° 


NOW AVAILABLE FOR SHIPMENT FROM STOCK 


Send for Sth Edition Radiochemical Catalog Containing 
Reduced C14 Prices 


Iracerlab - aa 5s 
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New Products 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 814. 


@THICKNESS GAGE of radiation type is 
said to measure material thickness to 2 
uin., thickness of coatings to within 0.01 
percent of total thickness, and change of 
basis weight of 0.005 mg/cm?. Material 


.to be measured flows past a small radio- 


active source. Transmitted radiation is 
compared with that transmitted by a 
second identical source through a ref- 
erence sample or through the uncoated 
base. Time response is continuously var- 
iable from 0.25 to 30 sec. (Radiation 
Counter Labs., Dept. 75) 


®SLIP-RING ASSEMBLY has 50 slip rings 
and their attendant 100 brushes mounted 
on ball bearings mounted and packaged 
in a dust-sealed housing 1.25 in. long. 
Noise level is said to be maintained be- 
low 50 uv. Breakaway friction level is 
less than 50 g cm. Brushes are tuned to 
different resonant frequencies for opera- 
tion under severe vibration conditions. 
(Slip Ring Company of America, Dept. 
77) 


® OSCILLOSCOPE uses the sampling prin- 
ciple to display pulses with rise times as 
short as 2 musec. The complete trace is 
built up of a series of dots each of which 
corresponds to a sample taken at pro- 
gressively varying phase from successive 
repetitions of the input. A charge-storage 
circuit maintains the position of a dot 
until the succeeding sample is taken; 
thus a bright display is obtained. Voltage 
measurement ranges are 1.5—0-1.5 v and 
5-0-5 v. Input impedance is 250 kohm 
plus 2 pf (approx.). Number of samples 
taken for the display is 25, 50, 100, or 
200. Pulse repetition frequency limits 
are approximately 50 cy to 10 kcy/sec. 
(Mullard Equipment, Ltd., Dept. 92) 


® PREPARATIVE GAS CHROMATOGRAPH in- 
corporates large column capacity, an 
automatic sample-collecting system, re- 
corder read-out, recycling pump, and 
clean-out traps. A thermostatted, heated 
inlet is adjustable to 450°C for vapori- 
zation of large samples. Parallel column 
construction provides a large total cross- 
sectional area while utilizing the high- 
resolution capabilities of small-diameter 
columns. Separate temperature controls 
are provided for each column and for 
the detector. The sample-collection sys- 
tem allows collection of four consecutive 
components. (Beckman 
Inc., Dept. 102) 


Instruments, 


™ MAGNETOSTRICTION DELAY LINE is a 
longitudinal-mode line for delays up to 
100 usec and digit rates up to 1 Mcy/ 
sec. Any number of variable taps can be 
provided, subject to a minimum spacing 
of 2 usec. Input and output impedance 
can be made to suit requirements. (Fer- 
ranti Electric, Inc., Dept. 78) 

® ELECTROSTATIC VOLTMETER permits 
measurement of the free-space electro- 
static potential of a small area on an 
electrostatically charged surface with a 
probe placed in proximity to the surface. 
Range is + 1000 v. Frequency bandwidth 
is d-c to 50 cy/sec. For probe spacing 
of % in. or less, surface resolution is a 
circle less than 4 in. in diameter. In- 
herent error in the instrument is said to 
be less than 0.2 percent at this spacing. 
Drift is less than 5 v/day after warm-up. 
Less than 1-percent error is introduced 
by increasing spacing to 1 in. (Monroe 
Electronic Laboratories, Inc., Dept. 90) 


™GLOSSMETER achieves versatility by 
building elements of the incident and 
reflected light beams onto aluminum 
blocks mountable at 75 deg, 60 deg, 45 
deg, or 20 deg. Optical and electrical 
units are in separate housings connected 
by cable, thus the instrument can be 
used with specimen on the front or on 
the top, or with the optical unit mounted 








MICROelectrophoresss 


Now, for the first time... 


...it is actually possible to analyze samples such as 
inorganic ions and dyes within 5 to 10 minutes... 
blood serums or tissue samples in as little as one 
hour. Ends frustrating delays with time-consuming, 


big-sample electrophoresis units. 


This completely new micro unit was invented, tested 
and fully proved by Doctors Benjamin W. Grun- 
baum and Paul L. Kirk. It can be operated by any- 
one familiar with standard units. No experimental 
period...no special training required. Ideal also 


for classroom instruction. 





MIC ROelectrophoresis — offers these special advantages 


FASTER...10 to 20 times quicker than larger units 


SMALLER SAMPLE SIZES...Uses only 1/10 to 1/20 of a 


microliter compared to the old-fashioned apparatus’s 


five microliters 


EASIER HANDLING e SIMPLER OPERATION 
OPERATES FROM STANDARD POWER SUPPLY 


Complete unit, including package of pre-cut filter papers 


Only $295 


Convenient micro accessories kit— including special micro 


pipettes, staining dishes and prepared buffer — now available. 


shipment. 


ORDER TODAY FROM 


Pre-cut filter papers and replacement parts stocked for immediate 


Write for full details on specially designed power supply. 


KARLER LABORATORIES, INC., 2300 ROOSEVELT AVE., BERKELEY 3, CALIF., LAndscape 6-5410 
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A new 
achievement for 
i i OO, BOR 4 OL OO) aaa 


The WILD* M5 STEREOMICROSCOPE 
presents, new, important advances 
in versatility, optics, mechanical con- 
veniences and physical design. 


This Swiss precision instrument is 
equipped with a main objective com- 
releyar-labapie) (ely (-ce lm ohm or-l g-Me) mm cladter-1 1h 
mounted intermediate lenses with - 
parallel axes. The'result is increased, 
uniform sharpness throughout the 
field, with no need for any change in | 
accommodation. ; 


With a constant working distance of 
96 mm., standard magnifications are 
6X, 12X, 25X and 50X, conveniently 
Yi [-Toi (cle Melale: Malelerdelale-] mel atliam 


Accessories include a base for trans- 
mitted light observation, various light 
sources, photographic and measuring 
attachments. A matching steel hood 
is provided for easy storage and 
elelac- leila 


For full details about this years- 
ahead stereomicroscope, write for 
Booklet M5. 


*The FIRST name in Surveying Instruments, 
Photogrammetric Equipment and Microscopes 


HEERBRUGG 


Main at Covert Street @ Port Washington, New York 
POrt Washington 7-4843 
Tol OF. Tale Ter-] 
Wild of Canada Ltd., 157 Maclaren St., Ottawa, Ontario 





INSTRUMENTS, INC. 





flush in a table top. A digital dial used 
in the measurement arm of a null-bal- 
ance bridge is operated either manually 
or automatically for 
(Hunter 
Dept. 91) 


measurement. 


Associates Laboratory, Inc., 


® MULTIPLIER PHOTOTUBES for applica- 
tions where size and weight are impor- 
tant considerations measure 34 in. in 
diameter. Two types are available. One 
features maximum stability at high volt- 
age; the other features high gain at low 
operating voltage. Both types have ten 
dynode stages and feature potted bases 
without sockets. (Allen B. DuMont Lab- 
oratories, Inc., Dept. 88 


@ VIBRATION RECORDER Measures vibration 
accelerations with blasting 
operations. Vibration reaching the pickup 
of the instrument causes the indicating 
meter to register peak acceleration. This 
reading is retained until reset and may 
be transferred photographically to a film 
record. Development of the film is ef- 
fected by heat from coils within the ap- 


paratus. (Geotechnical Corp., Dept. 83) 


associated 


@FILM MAGAZINE for a high-speed, ro- 
tating-prism camera carries 1200 ft of 
film and permits operation for 50 sec at 
1000 pictures per second. The camera 
can be started or stopped at any point 


in the film roll. (Traid Corp., Dept. 85) 


@ LIMIT DETECTOR is a digital device in 
which low and high limits of a counting 
operation are set by two banks of 
switches. Up to ten digit limits can be 
included. Indicating-light output and 
contact-closure output are provided. 
Solid-state circuitry is used throughout. 
(Systron Corp., Dept. 87 


™ MAGNETIC-TAPE TESTER automatically 
locates and indicates tape flaws that may 
be classified as noise or drop-out. Tape 
speeds up to 150 in./sec and pulse densi- 
ties to 550 per inch can be accommo- 
dated with tape widths from 1% to 1 in. 
A complete record and playback system 
is included, alorg with the necessary 
logic circuitry, to detect a flaw in any 
channel and to stop the tape at a prede- 
termined location for visual examina- 
tion. (Potter Instrument Co., Dept. 93) 


@ INFRARED RADIATION SOURCE is designed 
to emit black-body radiation over the 
temperature range 500° to 1000°C. A 
conical cavity of high emissivity simu- 
lates a black body, and a power-propor- 
tioning electronic servosystem provides 
temperature control stable within +0.5 
percent. Temperature is selected by a 
calibrated control dial. The aperture 
may be adjusted with a seven-aperture 
disk. The aperture of the cavity is 0.4 
in. in diameter. Warm-up times are 30 
min (to 500°C) and 60 min (to 1000° 
C). (Barnes Engineering Co., Dept. 94) 








NEW 
KONTES 
DUALL 
TISSUE 
GRINDER 


“‘, .. grinds intestinal tissue, 
liver, brain, skin and heart 
10 to 15 times faster’’.* 


ee 


































... grinds skeletal muscle 
—no conventional grinder 
does this’’ .* 


ee ° “* 
... grinds large quantities 
of muscle tissue in half the 
time” .* 





*Reports from laboratories 
that have tested the new 
Duall Tissue Grinder prove 
its superiority! 


It has two separate grind- 
ing areas. Grinding is first 
done in the conical section. 
Here, clearance can vary 
depending on the relative 
positioning of pestle and 
tube. This permits adjust- 
ment for size and toughness 
of sample. Final grinding 
occurs when this clearance 
is reduced and material is 
forced past the cylindrical 
area for fine homogeniza- 
tion. Grinding efficiency is 
thereby improved, grinding 
time reduced and versatil- 
ity achieved. The Duall 
works when others won’t! 


Order now for immediate 
delivery! K-88545 Tissue 
Grinder, Duall 


Size B c D & 





Capacity, ml. 
(pestie inserted) 5 10 30 50 


Each $9.05 9.80 11.20 14.15 





VINE. ane, Nob 


Pestles and 
tubes are 
precise, 
rugged and 
interchange- 
able. Pestle 
rods are extra 
large diameter 
for added 
strength. 
Tubes have 
convenient 
pouring lips. 


KONTES 
‘7 GLASS 
COMPANY 
Vineland, New Jersey 
First Choice For Quality Technical Glassware 
Midwest Distributor: Research Apparatus, Inc., Wauconda, Iilinols 


SCIENCE, VOL. 130 





ins 


tur 
sai 
sul 
in | 
tyE 
all 
use 
Co 


mc 


25 


NY 


e 
Ilinols 
1. 130 





S TEMPERATURE TEST CHAMBER is de- 
signed to be mounted in a standard 19- 
in. rack. The chamber measures 10 by 
7 by 7 in. Temperature is controlled 
within +2° from —100° to +500°F. 
Low temperature is obtained by injec- 
tion of liquid CO, through a solenoid 
valve. Interior is stainless steel. (Delta 
Design Engineers, Inc., Dept. 79) 


® RADIOACTIVE HYDROCARBONS now avail- 
able include: n-pentane-1-C!; n-pen- 
tane-2-C14; and _ n-pentane-3-C!4. The 
labeled compounds are analyzed and 
fractionated by gas chromatography. 


(Research Specialties Co., Dept. 86) 


STRAIN GAGE of monofilament type has 
diameter of 0.012 in. with completely 
insulating coating. Operating tempera- 
ture ranges from — 325° to 2000°F are 
said to be possible by use of various in- 
sulating coatings. The gage is available 
in 60- and 120-ohm sizes and in standard 
types of strain-sensitive wire or special 
alloys. Gages can be calibrated before 
use. (High Temperature Instrument 
Corp., Dept. 89) 


® ROBOT MANIPULATOR for handling ra- 
dioactive materials in “hot” areas is a 
mobile device operated from a remotely 
located panel board. Television cameras 
in the wall of the hot room and in the 
device permit the operator to view the 
manipulator. A microphone on the robot 
permits the operator to hear the metal 
fingers grasp an object. Connections are 
made by cable or radio link. (Hughes 
Aircraft Co., Dept. 95) 


™ MICROWAVE ABSORBENTS permit simu- 
lation of free-space conditions indoors 
for measurement of antenna patterns or 
radome characteristics. Absorbers are 
made of fibers or other low-dielectric 
material coated with conductive rubber. 
Graduation of impedance to prevent 
surface reflections is achieved by varying 


the coating. (B. F. Goodrich, Dept. 96) 


™rorcers for electrocautery are insu- 
lated to protect the surgeon from acci- 
dental burn or shock as well as to pre- 
vent accidental cautery. Slight pressure 
on a fingertip switch in the forceps han- 
dle activates the coagulation generator. 
The forceps are said to be usable with 
any existing cautery equipment. (Med- 
tronic, Inc., Dept. 97) 


® METERING PUMPS include both plunger 
and diaphragm types. Standard models 
range in capacity from 1 drop every 13 
strokes to 1000 gal/hr at discharge pres- 
sures to 10,000 Ib/in.? Flow is adjustable 
from 0 to 100 percent in each model. A 
variety of construction materials offer 
selection for the specific material to be 
pumped. (Clark-Cooper Co., Dept. 98) 

Josuvua STERN 
National Bureau of Standards 
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Why the insights of Experimental Psychologists 
count for so much at General Electric’s 
Heavy Military Electronics Department... 


Systems in development at Heavy Military Electronics Department 
encompass mission parameters of great multiplicity and diversity. A 
single program may envisage the coordinated functioning of far-flung 
Data Gathering, Data Processing, and Communications Elements. In 
systems of such complex character, experience here has repeatedly 
demonstrated the value of investigating and controlling in depth the 
interaction of man-machine-environment relationships. 


The Human Factors Group works closely with engineering contributors, 
exercising a vital influence on the design of systems and equipments. 
Experimental Psychologists here shape basic concepts at all points 
where Human Factors impinge— whether in regard to operator vs. 
machine capabilities, data flow, or personnel selection and training. The 
Experimental Psychologist at Heavy Military knows the stimulation of 
extremely diverse problems, combined with professional responsibility 
for decisions of far-reaching consequence. 


Senior Positions Open Now In: 


Systems Philosophy + Data Flow + Design » Component Development 
Evaluation « Simulation « Personnel Selection and Training 


Inquiries are invited from Experimental Psychologists with broad 
backgrounds in systems development from the standpoint of Human 
Factors. A PhD degree is preferred. Familiarity with engineering con- 
cepts in electronics and/or with military operations problems is highly 
desirable. Write in confidence to: Mr. George Callender, Dept. 74-WM 


HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL @ ELECTRIC 


Court Street, Syracuse, N. Y. 
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Grip culture tubes with patented pressure fingers 
@ Assure reduced evaporation of culture media 
@ Provide adequate aeration for culture @ Resist 
corrosion and retain resilience @ Reliably prevent 
*U. §. Pat. No. 2,287,746 


contamination. 


WRITE TODAY FOR BROCHURE C-3 


BELLCO GLASS INC. 


VINELAND, NEW JERSEY 


“research 
deserves 
the best” 


M ORT ON stainless steel 
CULTURE TUBE 
CLOSURE* 


THE PROVEN REPLACEMENT 
FOR COTTON PLUGS 


U.S.A. 
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INEXPENSIVE 
“SCIENCE” 
BINDERS 





Keep your copies of SCIENCE always available for 
quick, easy reference in this attractive, practical 
binder. Simply snap the magazine in or out in a few 
seconds—no punching or mutilating. It opens FLAT 
—for easy reference and readability. Sturdily con- 
structed—holds 26 issues. 


This beautiful maroon buckram binder stamped in 
gold leaf will make a fine addition to your library. 
Only $3.25 postpaid; add 50¢ for orders outside 
(Personal check or money order, please.) 
Name of owner, 75¢ extra; year of issue, 50¢ extra. 


e 1515 Massachusetts Ave., NW, 
Washington 5, D.C. 








PERSONNEL 





PLACEMENT ) 








CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of 
box number counts as 10 additional 
words. Payment in advance is required. 
Positions Open, $33 per inch or frac- 


tion therpof. No charge for box 
number. 
COPY for classified ads must reach 


SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $33.00 per inch 
4 times in 1 year .00 per inch 
28.00 per inch 


7 times in 1 year 
13 times in 1 year 27.00 per inch 
26 times in 1 year 26.00 per inch 
52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 














ill] POSITIONS WANTED || 


Neuroanatomist-Neurophysiologist, Ph.D. Zool- 
ogy and medical school teaching; Phi Kappa 
Psi, Alpha Kappa Kappa, Sigma Xi. Age 33; 
14 ree Curriculum vitae. Write Box 
200, SCIENCE. 8/28; 9/4, 11, 18, 25 








Plant Physiologist, Ph.D. Experience in teach- 
ing and research. Biochemical aspects of plant 
growth and development. Broad background 
Box 220, SCIENCE. 


training in life sciences. 





ili POSITIONS WANTED || 


Plant Physiologist, Botanist, Ph.D. Desires re- 
search opportunity biochemical, experimental 
morphogenesis ; or curatorial position economic 
hotany—noxious, cryptogamic plants. Editorial 
work considered, Box 201, SCIENCE. Xx 
Ph.D., Physiology Major, university teaching 
experience; group leader of CNS and pharma- 
cological research ; prefers research-administra- 
tive position. Medical Bureau, Burneice Lar- 
son, Director, 900 North Michigan, Chicago. 











Virologist, Ph.D. For research, teaching, in in vir 
ology, tissue culture. Experience in medical 
microbiology, phage transduction. Box 212, 
SCIENCE 9/11, 18, 25 


II POsiT10NS OPEN jj 


Biochemist, Ph.D., to actively integrate and ex- 
pand clinical biochemistry section of outstanding 








specialized institution in southern California. 
Research potential. Sala ary Basen yey $14,000. 
Write to Box 219, Sc IE NCE 10/2,9 


(a) Biochemist well qualified i in enzymology and 
ultramicrotechnique to conduct research and 
head clinical tissue department; opportunity aca- 
demic post at nearby medical school; permanent 
appointment; $7000-$10,000. (b) Psychophar- 
macologist, Ph.D., American citizen required ; 
preferably one experienced in area of mental 
health; Midwest. (c) Director of Clinical In- 
vestigations with experience in food and drug 
administration matters; $10,000-$15,000, de- 
pendent upon qualifications; East. (d) Internist, 
Board eligible or certified or general practitioner 
with 10 years’ or more experience in clinical med- 
cine; duties consist of directing new products; 
small amount of research. (e) Two Young Phy- 
sicians, preferably internists, for domestic and 
international divisions, leading pharmaceutical 
company; would be engaged as assistant or as- 
sociate directors; duties include evaluation of 
new products; East. S9-4 Medical Bureau, Bur- 
neice Larson, Director, 900 North Michigan 
Avenue, Chicago. XxX 





812 





iilili| POStTLONS OPEN fill 


Electron Microscopist, Ph.D. or equivalent. 
Research institute, New York. Modern well 
equipped and well-staffed air-conditioned labora- 
tory. Must have adequate training and experi- 
ence in all phases of preparation of tissues ae 
in panne machine. Apply Box aa 
ENCE, 





30/2 


LOBUND INSTITUTE, University of Notre 
Dame. Letters of application are invited for 
positions on long-range research projects at 
Lobund. Research laboratories within the insti- 
tute, which conducts a variety of programs with 
germ-free animals, include bacteriology, bio- 
chemistry, physiology, virology, serology, oncol- 
ogy, and immunology. Opportunities are avail- 
able immediately on two levels: Research Tech- 
nician and Senior Technician. Positions require 
a wide range of qualifications from M.S. in bac- 
teriology or biochemistry through B.S. to college 
training with experience in laboratory _proce- 
dures. Direct inquiries to Personnel Directoi, 
University of Notre Dame, Notre Dame, In- 
diana. 9/25 








Male or Female, M.S. or Ph.D. Research labora- 
tory electron microscopy of tissues and animal 
tissue cultures. Background in cytology or re- 
lated field and experienced in operation of elec- 
tron microscope. Send detailed résumé to Dr. 
J. A. Christensen, Saint Barnabas Medical 
Center, High St., Newark, N.J. 10/2 








MANUFACTURERS REPRESENTATIVE 
for complete line of Laboratory Furniture:— 
for Industry, Research Institutions, Hospitals 
and Schools, in these protected territories: 

@ Albany, N.Y., area @ West Virginia 

@ Nebraska e pon se 

@ Minnesota ; s snowed oe 
Commission basis. Give full catiocane ont and territory. 

Box 222, SCIENCE 
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iilIl| POSITIONS OPEN lili 





CLINICAL 
RESEARCH 


Prominent Eastern pharma- 
ceutical company desires 
young M.D. — preferably 
board eligible in Internal 
Medicine or Psychiatry — 
capable of establishing and 
monitoring programs in 
therapeutic research. ‘This 
position represents a unique 
opportunity for creativity 
and personal growth within 
the specialty. Additionally, 
it provides ample opportuni- 
ties for travel to important 
conferences and academic 
centers and for association 
with outstanding authorities. 


Ideal suburban living and 
working conditions, excellent 
salary and benefits. Our staff 
is aware of this advertise- 
ment. 


Send curriculum vitae to 


Box 223, SCIENCE 





Pharmacologist. Ph.D. with training or experi- 
ence in drug evaluation and pharmacodynamics 
for senior pharmacologist position. Please send 
vita and selaty requirements to Personnel Man- 
ager, Baxter Laboratories, Inc., Morton ORS 
Illinois. 9/11, 18, 25 





(a) Pharmacologist; establish evaluation pro- 
gram in toxicity studies, new drug screening; 
supervise one, report to director, pharmacologic 
research; to $8500; residential area near Chi- 
cago; well-known concern. (b) Chemist; M.S. 
to supervise busy laboratory, 350-bed teaching 
hospital; to 7500; East. (c) Biochemist; inves- 
tigation allergenic materials, fractionation, puri- 
fication, characterization; private laboratory, 
Northwest. (d) Biochemist; Ph.D. to perform 
and supervise research work in development fat 
emulsions, determine adverse reactions and their 
causes, investigate biochemical, metabolic perim- 
eters relative to intravenous administration fat 
emulsions} to about $10,000; midwestern re- 
search laboratory. Woodward’ Medical Bureau, 
Ann Woodward, Director, 185 North Wabash, 
Chicago. 
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Research Assistant-Collaborator, with master’s 
degree or equivalent experience, for Philadel- 
phia university medical research group engaged 
in study of enzymes in_ pathogenesis of allergic 
and infectious diseases. Will train. Salary $4000. 
Post for graduate student, vce also 
available. Write Box 217, SCIE 9/25 


Research Director, Ph.D. Unusual opportunity 
for capable, energetic, and ambitious person to 
have full responsi ility for laboratory i in growing 
medium-size Chicago area pioneer manufacturer 
of ingredients used in pharmaceuticals, foods, 
and feeds. Laboratory functions include research, 
development, “trouble shooting,” quality con- 
trol. Industrial experience required - allied 
field. Excellent growth benefits. Box 210, SCI- 
ENCE, 9/11, 18, 25 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS ur ently needed for posi- 
tions in many states ani foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. —— ualifications 
and vacancies listed free. issue, $1.00. Yearl 
(12 issues) Pas Ea ly $5.00. CRUSADE, 

CI., Box 99, Station G, Brooklyn 22, N.Y. ew 
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Pathologist-Veterinary [—| 








UNIVERSITY OF QUEENSLAND 
Applications are invited for a SENIOR 





D.V.M. to head our toxicology laboratory RESEARCH FELLOWSHIP IN IMMUNOLOGY. 
and dog breeding unit located in rural New The purpose of the Fellowship is the develop- 
Jersey area. Opportunity to do research. ment af adanilnae in relation to zoopara- 


Prefer member of American College of 


sitic infections. The applicant should have a 
Veterinary Pathologists; however, nonmem- 


postgraduate degree or research experience 








ber candidate with good training and experi- in biochemistry or i The it 
ence in pathology will be Gakiered. Super- ment is on a three-year basis; ‘salary £1300/ 
visory ability essential. £1800 per annum depending on experience 
Please send full résumé, and qualifications, and travelling expenses up 
including salary requirements, to to £250 will be allowed. 
| 
ss a : | Applications stating relevant particulars should 
PERSONNEL DIRECTOR | 


be bee menage hen the pay be whom 
applications close on December 1, A 
SCHERING CORP. | 


| C. J. CONNELL 
60 Orange St. Bloomfield, N.J. a. 




















USE THIS EASY SELF-MAILER to obtain 
further information 
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25 September 1959 


Information Requisition 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 
This coupon is for your convenience—to facilitate your requests for further 


information about advertised products and items in New Products. This cou- 
pon is good for 3 months only. 


From: 


Company 


Street 


i eit & lercts os hare ns cceunate ies Zone .... State 
i (Please print or type) 


Mark, clip coupon—FOLD HERE along this line—mail 


Postage 


P, Si 
Will be Paid ae 


Necessary 


If Mailed in the 
United States 








BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 





|e y Siteies 


SCIENCE MAGAZINE 
Room 740 


11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Clue 


813 
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[SWISS_MICE 
a ow 


The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 








DISPLAY: Monthly invoices will be sent | 
on a charge account basis—provided 
that satisfactory credit is established. 





Single insertion $33.00 per inch | 
4 times in 1 year 30.00 per inch | 
7 times in 1 year ret per inch 
13 times in 1 year 27.00 per inch | 
26 times in 1 year 26.00 per inch x ‘ACON ic 
52 times in 1 


year 25.00 per inch 
For PROOFS on display ads, copy must 
Cc 


reach SCIENCE 4 weeks before date FARMS 














of issue (Friday of every week). | GERMANTOWN NEW YORK 
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Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the New Products section as well as 


advertised products. 


NEW PRODUCTS 


Circle below desired number corresponding to: 


a 77 78 79 83 85 86 87 


88 89 90 91 92 93 94 95 


ADVERTISERS IN THIS ISSUE 


In the below list, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters A, B, C are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, U indicates upper ad, L 
lower ad, I inside ad, M middle ad, and O outside ad. The covers are 
designated by IFC (inside front cover), IBC (inside back cover), and OBC 
(outside back cover). Advertisements in Personnel Placement are not keved; 
only fractional pages (one-sixth or larger) in the Market Place are keyed 
A multiplicity of items is indicated by *. Readers are requested to specify on 
this coupon the particular item in which they are interested; otherwise, the 
request cannot be processed. 


CO IFC 0 757 0759 0 762 CF 803, UI-A 
— 803, UI-B [()803,U0* [7 803,LI — 803, LO C804, UO 
CD 804, Ul C804, LO CZ 804, Li 0 805 LC) 806 
C807 Cj §08,U0 CZ 808, UI CF 808, Lo C- 808, LI* 


— 809 —810,0 2 810,1 O0812,u0 isc 
Cc osc 


96 97 98 102 | 


814 





1919 - 1959 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 
Specialists in 
Colorimetric Techniques 
Reagents-Standards-Comparators 
Send for Illustrated 
Controls Handbook Dept. H 














MICE 


C.F.1 UC.R DESCENDANTS 
GREEN HILLS FARM 


Box 381, Jeffersonville, New York 
Tel.: 363 











FOR SALE 
Klett Electrophoresis Apparatus complete 
with cells. Will negotiate price. 


Box 221, SCIENCE 














of all kinds for technicians and tissue << 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 


BACTERIOLOGICAL AND _ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 

















[ll BOOKS AND MAGAZINES |i 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
———————_ Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 


Abrahams Magazine Service; N. Y. 3, N. Y. 
|\||| PROFESSIONAL SERVICES ||| 


HISTOLOGY 


for 
Industry and Research 


GEORGE L. ROZSA, M.D. 
148 Limwood Ave. Buffalo 9, New York 
GRant 7165 
































LaWALL & HARRISSON 


LABORATORY 
SERVICES for the 
FOOD & DRUG INDUSTRIES 
Drug Evaluation, Food Additive Studies, 
Chemical and Biological Assays 
Clinieal Studies, Research 





Div. $, 1921 Walnut St., Philadelphia 3, Po. © RI 6-4322 


SCIENCE, VOL. 130 
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switch in seconds 





( from projection of microscope slides to 


| projection of transparencies with the 


LEITZ PRADO MICRO- PROJECTOR 


The ultimate in convenience for use in classroom, con- 
ference room or lecture hall, the PRADO Micro-Projector 
delivers screen images of unrivalled brilliance, clarity 
and definition. With Micro Attachment it produces mag- 
nifications up to 2400x on screens at a distance up to 
40 feet; with a film slide carrier and lens inserted, the 
PRADO projects 2” x 2” or of 2%” x 2%” transparencies. 
And you can switch from micro to film slides in seconds 
—easily. The revolving nosepiece of the Micro Attachment 
holds three objectives: 3.5x, 10x and 25x. The high power 
objective is equipped with spring-loaded mount. Micro 
attachments are available which allow the stage to be 
placed in a horizontal position to accommodate wet mounts. 


eS istwetce wtors o ft 








Light from the 500-watt lamp is projected through 
aspheric condensers in the PRADO, which is blower-cooled. 


The PRADO Micro-Projector is portable, and may be 
carried easily from room to room and used wherever 
there is an electrical outlet. 


For illustrated PRADO Micro-Projector Brochure, write 
to Dept. SC-9. 


1. PRADO as Micro-Projector for microscopic slides 2 PRADO as 
standard projector for film slides 3. Attachable reflecting prism 
for tracings 4. Polarizing Attachment for polarization demonstra- 
tion S&. Large Vertical Micro Attachment for wet mounts 


E.LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
the 
Ernst Leitz G.m.b.H.,Wetzlar, Germany—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES - MICROSCOPES -: BINOCULARS 


world-famous produ.ete jeof 


32459 
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AO’'s Revolutionary Magni-Changer available 
in New Low-Cost CYCLOPTIC Series 


p> Only the time tested, performance proven AO 
CYCLOPTIC Stereoscopic Microscope en the con- 
venient Magni-Changer. You simply “dial-in” desired 
magnifications. Magni-Changer is located just inches 
from focusing knob...convenient to your hands...no 
fumbling ...no need to lift your eyes from eyepieces. 


Now you can choose from two Magni-Changer Models 
Magni-Changer “K” New Magni-Changer “K” offers 
3 different magnifications for each eyepiece/objective 
combination... resultant magnification range of 5X 
to 60X...and at $73.00 less than comparable Magni- 
Changer ““M” Models. 

Magni-Changer “M” If your work demands a greater 
magnification range you can select a Magni-Changer 
“M” CYCLOPTIC... provides 5 different magnifica- 
tions for each eyepiece/objective combination through 
a wider resultant magnification range of 3.5X to 80X, 
Fixed Body Magnification The popular, still lower- 
cost CYCLOPTIC “F” Models offer a fixed body magni- 
fication for those many applications where instantly 
changing magnifications are not required. Resultant 


erican Optical 
Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


SPENCER 


magnifications can be varied from 10X to 40X by in- 
terchanging eyepieces, objectives or auxiliary lens at- 
tachments. 

Investigate the complete CYCLOPTIC story! You'll 
find a stereoscopic microscope to suit your specific 
application...and your budget. Use the handy coupon 
for complete information and prices. 


Dept. U-4 
Please send AO CYCLOPTIC Brochure SB56 


Name 





Address 














